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@ Heterocyclic Inhibitors of famesyl protein transferase. 

(g) Inhibition of famesyl protein transferase is effected by compounds of the fonnula 
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its enantiomers. diastereomers, phamiaceutically acceptable salts, prodmgs or solvates thereof, 
wherein : 

Ai and Aj are each independently H, alkyl, substituted alky!, cydoalkyl. substituted cydoalkyl. 
phenyl or substituted phenyl ; 
Gi is S or O ; 

Gj is H. -C(0)OH, ^0)NH2, 5-tetrazolyl, -C(0)N(R7)0H or -CHjOH ; 
X is O or FlflN ; 

Y and 2 are each independently -CHr or -C(0)- ; 

Ri. R2. R3. R4. Rs* R« are each independently H r alkyl ; 

R, may also be alkanoyi, 

Ri and Ai taken together may be -<CH2)m ; 

Re is H. alkyl, phenyl, phenylatkyt. substituted phenyl, (substituted phenyt)alky1 or -C(0)R9 ; 
Ro is H. alkyl, phenyl, phenylalkyl. substituted phenyl or (substituted pheny1)alkyl ; 
m is 3 or 4 ; 
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n is 0, 1 or 2 ; 
p is 0, 1 or 2 ; and 

q is 0 or 1. with the proviso that when p is 0, then q is also 0. 
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Field of the Invention 

This invention relates to compounds that inhibit farnesyl-protetn transferase and Ras protein farnesylation, 
thereby making them useful as anti-cancer agents. The compounds are also useful in the treatment of dis- 
eases, other than cancer, associated with signal transduction pathways operating through Ras and those as- 
sociated with CAAX-containing proteins other than Ras that are also post-translationally nriodif ied by the en- 
zyme farnesyt protein transferase. The compounds may also act as inhibitors of other prenyl transferases, and 
thus be effective in the treatment of diseases associated with other prenyl modifications of proteins. 

Backflround of the Invention 

The manrunalian ras gene family comprises three genes, IH-ras, K-ras and N-ras. The Ras proteins are a 
family of GTP-binding and hydrotyzing proteins that regulate cell growth and differentiation. Overproduction 
of nonmal Ras proteins or mutations that inhibit their GTPase activity can lead to uncontrolled cell division. 

The transforming activity of ras is dependent on localization of the protein to plasma membranes. This 
membrane binding occurs via a series of post-trans lational modifications of the cytosolic Ras proteins. The 
first and mandatory step in this sequence of events Is the farnesylation of these proteins. The reaction Is cat- 
alyzed by the enzyme farnesyl protein transferase (FPT), and farnesyl pyrophosphate (FPP) serves as the 
farnesyt group donor in this reaction. The Ras C-terminus contains a sequence nK)tif termed a "Cys-Aaai-Aaa2- 
Xaa" box (CAAX box), wherein Cys is cysteine. Aaa is an aliphatic amino acid, and Xaa is a serine or methio- 
nine. Farnesylation occurs on the cysteinyt residue of the CAAX box (Cys- 186), thereby attaching the prenyl 
group on the protein via a thio-ether linkage. 

In accordance with the present invention, a compound of the formula 



its enantiomers and diastereomers, and pharmaceutically acceptable salts, prodrugs and solvates thereof in- 
hibit S-farnesyl protein transferase, which is an enzyme involved in ras oncogene function. In formula I and 
throughout this specif icatk)n, unless otherwise specified, the above symbols are defined as follows: 

Ai and A2 are each independently H, alkyi, substituted aikyi, cydoalkyl, substituted cydoalkyl, phenyl 
or substituted phenyl; 
Gi is S or O; 

G2 is H, -C(0)OH, -C(0)NH2. 5-tetrazolyl. -C(0)N(R7)0H or-CHaOH; 
X is O or R5N; 

Y and Z are each independently -Ci-t2- or -C(0)-; 

Ri, R2t R3. R4. Rfit Re and R7 are each independently H or alkyI; 

Ri may also be atkanoyi; 

Ri and A^ taken tog ther may be -(CH2)m; 

Re is H, alkyI, ph nyl, phenylalkyl. substituted phenyl, (substituted phenyl)alkyl or-C(0)Re; 
R9 is H, alkyI, phenyl, phenylalkyi, substituted phenyl or (substituted phenyt)alky1; 
m is 3 or 4; 
n is 0, 1 or 2; 
p is 0. 1 or 2; and 

q is 0 or 1 , with the proviso that when p is 0, then q is also 0. 
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Listed below are definitions of various terms used to describe this invention. These definitions apply to 
the temns as they are used throughout this specification, unless otherwise limited in specific instances, either 
individually or as part of a larger group. 

The term "alkyi" or 'alk-" refers to straight or branched chain unsubstituted hydrocarbon groups of 1 to 7 
5 carbon atoms. The expression "lower alkyI" refers to unsubstituted alkyI groups of 1 to 4 carbon atoms. 

The term "cydoalkyl" refers to cyclic hydrocarbon groups of 3 to 8 carbon atoms. 

The tenm "halogen" or "halo" refers to fluorine, chlorine, bromine and iodine. 

The tenm "alkoxy" refers to alkyl-0-. 

The tenm "alkanoyl" refers to alkyl-C(O)-. 
10 The tenfn "alkanoyloxy" refers to alkyl-C(0)-0-. 

The temfis "alkyiamino" and "dialkylamino" refer to {alkyl)NH- and (alkyOjN-, respectively. 

The tenm "alkanoylamino" refers to alkyl-C(0)-NH-. 

The tenm "alkyithto" refers to alkyl-S-, 

The tenm "alkylthtono" refers to alkyl-S{0)-. 
15 The tenm "alkylsulfonyl" refers to alkyl-S(0)2-. 

The tenm "carbamyl" refers to -C(0)NH2. 

The term "alkoxycarbonyl" refers to alkyl-O-C(O)-, 

The expressions "substituted alkyI" and "substituted cydoalkyl" refer to an alkyI or cydoalkylj group, re- 
spectfully, substituted by, for example, one to four substituents such as halo, hydroxy, alkoxy, alkanoyl, alka- 
20 noyloxy. amino, alkyiamino, dialkylamino, alkanoylamino, thiol, alkylthk). alkylthlono, alkylsulfonyl, sutfonami- 
do. nitro, cyano, carboxy, carbamyl, N-hydroxycarbamyl, alkoxycarbonyl, phenyl, substituted phenyl, guanidl- 
no, indolyl, Imldazolyl, furyl, thienyl, thiazolyl, pyrrolidyl, pyridyl. pyrimWyl and the like. 

The term "substituted phenyl" refers to a phenyl group substituted by, for example, one to four substituents 
such as alkyi, halo, hydroxy, alkoxy. alkanoyl, alkanoyloxy. amino, alkyiamino. dialkylamino, alkanoylamino, 
25 thiol, alkylthlo. nItro. cyano, carboxy. carbamyl. alkoxycarbonyl, alkylthlono. alkylsulfonyl, sulfonamido and the 
like. 

The compounds of formula I form salts which are also within the scope of this Invention. Pharmaceutically 
acceptable (i.e., non-toxic, physiologically acceptable) salts are preferred, although other salts are also useful, 
e.g. in Isolating or purifying the compounds of this invention. 

30 The compounds of formula I may form salts with alkali metals such as sodium, potassium and lithium, with 
alkaline earth metals such as calcium and magnesium, with organic bases such as dicydohexytamine, tribu- 
tylamlne, pyridine and amino acids such as arginine. lysine and the like. Such salts may be obtained by ex- 
changing the carboxylic acid protons in compound I with the desired ton in a medium in which the salt precip- 
itates or in an aqueous medium followed by evaporatton. 

35 When compound I comprises a basic moiety, such as amino or substituted amino, it may form salts with 
a variety of organic and inorganic acids. Such salts indude those formed with hydrogen chloride, hydrogen 
bromide, methanesulfonic acid, sulfuric acid, acetic acid, trifluoroacetic acid, maleic acid, benzenesulfonic 
acid, toluenesulfonic acid and various others (e.g.. nitrates, phosphates, borates, tartrates, citrates, succin- 
ates, benzoates. ascorbates, salicylates and the like). Such salts may be fonmed by reacting compound I In 

40 an equivalent anwunt of the acid In a medium in which the salt precipitates or In an aqueous medium followed 
by evaporation. 

In addition, zwitterions ("Inner salts") may be formed. 

A compound of the formula I may also have prodrug forms. Any compound that will be converted in vivo 
to provide the btoactive agent (I.e.. the compound of formula I) Is a prodrug within the scope and spirit of the 
45 invention. For example, compound I may be in the form of a prodrug having the fonmula 
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H(Gi) 



wherein R^o is: 

lower alkyi, such as methyl, ethyl and the like; 

substituted lower alkyl. such as 2-(N-morpholine)ethyl and the like; 

lower aralkyi, such as benzyl, blphenylmethyl and the like; 

(acyioxy)alkyl. such as (pivalyloxy)nnethyl, 1 -(pro panoyloxy)-2-methyl-1 -propyl and the like; 
(aminoacyloxy)aroyloxyalkyl, such as para- glycyloxybenzoyloxynriethyt and the like; 
(aminoalkoxy)aroyloxyalkyl, such as para- 2-[(N-morpholine)ethoxylbenzoyloxymethyl and the like; 
' substituted amides, such as N.N-di(2-hydroxyethyl)acetamido, 4-methylpiperazine-1 -acetyl, 4-(2-hy- 
droxyethyl)piperazine-1 -acetyl and the like; or 

a dioxolanemethyl, such as (5-methyl-2-oxo-1,3-dioxolan-4-yl)methy1 and the like. 
Additionally, for a compound of formula I where A2 is -(CH2)wOH (where w Is 2 or 3) and G2 is -C(0)OH. 
A2 and G2 may be joined to form a lactone ring which can be opened in vivo to give a compound of formula I 
where A2 is -(CH2)wOH (wt^ere w is 2 or 3) and G2 is -C(0)OH. 

Various forms of prodrugs are well known in the art. For examples of such prodrug derivatives, see: 

a) Design of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985) and Methods in Enzymology, Vol. 

42. p. 309-396, edited by K. Widder, et al. (Academic Press, 1985); 

b) A Text book of Drug Design and Development , edited by Krogsgaard-Larsen and H. Bundgaard, Chapter 
5, "Design and Application of Prodrugs," by H. Bundgaard, p. 113-191 (1991); 

c) H. Bundgaard, Advanced Drug Delivery Reviews , 8, 1-38 (1992); 

d) H. Bundgaard, BtaL, Journal of Pharmaceutical Sciences , 77, 285 (1988); and 

e) N. Kakeya, ef aL, Chem Phanm Bull , 32. 692 (1984). 

It should further be understood that solvates (e.g., hydrates) of compound I are also within the scope of 
the present inventk)n. Methods of solvation are generally known in the art. 

Preferred Moieties 

For compound I, the following moieties are preferred: 



Ai and Aj are each independently H or D-, L- or DL- -CH3, -CH(CH3)2, -CH2CH(CH3)2, -CH(CH3)CH2CH3. 
-C(CH3)3, -CH2OH, -CH2CH2OH, -CH2CH2CH2OH, -CH(0H)CH3, 
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-04 — W 

-CH2 CH2 CHj CH2 NH2. 

10 

042CH2CH2NH — C-NHj 



15 




20 -CH2C(0)0H, -CH2CH2C(0)OH. -CH2C(0)NH2, -CH2CH2C(0)NRiiRi2 where Rn and R12 are each indepen- 
dently H, alkyi or phenyl, and Rn and R12 taken together may be -{CH^o- where o is 2 to 6, -CH2CH2C(0)NHOH, 
-CH2SH. -CH2CH2SH, -CH2CH2S(0)2NH2. -CH2CH2OCH3 or -CH2CH2SCH3. 
The following nrtoieties are particularly preferred: 

Ai is -CH3, -CH(CH3)2. -CH2CH(CH3)2. -C(CH3)3, -CH(CH3)CH2CH3, -CH2OH or -CH(0H)CH3: 
25 A2 is -CH2CH2SCH3. -CH2CH2OH, -CH2CH2CH2OH, -CH2CH2C(0)NRiiRi2 where R^ and R12 are 

each Independently H. alkyI or phenyl, and R^ and R12 taken together may be -(CH2)o- where o is 2 to 6. 
-CH2CH2OCH3 or -CH2CH2SH; 
Gi is S; 

G2 is -C(0)OH; 
30 X is RfiN; 

Y is -CHr; 

Ri, R2f Ra. R4. R«. Re. R7 and Re are H; 
n is 1 ; and 
p is 1. 

35 

Use and Utility 

The compounds of formula I are inhibitors of S-farnesyl protein transferase. They are thus useful in the 
treatment of a variety of cancers, including (but not limited to) the following: 
40 - carcinoma, including that of the bladder, breast, colon, kidney, liver, lung, ovary, pancreas, stomach, cer- 

vix, thyrokl and skin; 

- hematopoietic tumors of lymphoid lineage, including acute lymphocytic leukemia. B-cell lymphoma and 
Burketts lymphoma; 

- hematopoietic tumors of myeloid lineage, including acute and chronic myelogenous leukemias and pro- 
45 myelocytic leukemia; 

- tumors of mesenchyn>al origin, including fibrosarcoma and rhabdomyosarcoma; and 

- other tumors, including melanoma, seminoma, tetratocarcinoma, neuroblastonna and gitoma. 

The compounds of formula I are especially useful in treatment of tumors having a high incidence of ras 
involvement, such as colon, lung, and pancreatic tumors. By the administration of a composition having one 
50 (or a combination) of the compounds of this invention, development of tumors in a mammalian host Is reduced. 

Compounds of formula I may also be useful in the treatment of diseases other than cancer that may be 
associated with signal transductk)n pathways operating through Ras, e.g.. neuro-f ibromatosis. 

Compounds of formula I may also be useful in the treatment of diseases associated with CAAX-containing 
proteins ther than Ras (e.g., nuclear lamins and transducin) that are also post-translati nally modified by the 
55 enzyme farnesyt protein transferase. 

Comp unds of formula 1 may also act as inhibitors of other prenyl transf rases (e.g., geranylgeranyl trans- 
ferase), and thus be effectiv in the treatment of diseases associated with other prenyl modifications (e.g.. 
geranylg ranylati n) f proteins (e.g., the rap, rab.rac. and rh geneproductsandthelike). For example, they 
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may find use as drugs against Hepatitis delta virus (HDV) infections, as suggested by the recent finding that 
geranylgeranylation of the large isofonm of the delta antigen of HDV is a requirement for productive viral infec- 
tion (J. S. Glenn, et ai, Science . 256 . 1331 (1992)]. 

The compounds of this invention may also be useful in combination with known anti-cancer and cytotoxic 
5 agents. If formulated as a fixed dose, such combination products employ the compounds of this invention within 
the dosage range described below and the other pharmaceutically active agent within its approved dosage 
range. Compounds of formula I may be used sequentially with known anticancer or cytotoxic agents when a 
combination formulation is inappropriate. 

The compounds of this invention may be fomnulated with a pharmaceutical vehicle or diluent for oral, In- 
fo travenous or subcutaneous administration. The pharmaceutical composltk)n can be formulated in a classical 
manner using solid or liquki vehicles, diluents and additives appropriate to the desired mode of administration. 
Orally, the compounds can be administered in the form of tablets, capsules, granules, powders and the like. 
These compounds may be administered in a dosage range of about 0.05 to 50 mg/kg/day, preferably less than 
50 nng/kg/day, in a single dose or in 2 to 4 divkJed doses. 

t5 

Process of Preparation 

Acompound of formula III below, wherein Proi is an amine protecting group (e.g., f-butyloxycarbonyl (Boc), 
benzyloxycarbonyl (Cbz) and the like): 

20 

III 



25 



30 




35 can be coupled with a carboxyiic acid protected derivative of an amino acid of formula IV: 

IV 



40 




A2 



45 

to form a compound of formula V below, wherein Pro2 is a carboxyiic acid protecting group (e.g., alkyi, benzyl, 
p-methoxybenzyl and the like): 
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V 



10 



35 



40 



45 




C02Pro2 



15 For additional examples of amino and carboxylic acid protecting groups (as well as means of fonmatlon 

and eventual deprotection), see T.W. Greene and P.G.M. Wuts, "Protective Groups in Organic Synthesis," Sec- 
ond Edition. John Wiley & Sons. New York. 1991. 

A variety of coupling agents may be used for this coupling, including 1.{3-dimethyiaminopropyl)-3-ethyl- 
cartKKJiimlde hydrochloride (EDCI) with 1-hydroxybenzotriazole (HOBT). dicydohexylcarbodiimide (DCC) with 

20 HOBT, benzotriazol-1-yloxytris(dimethylamino)phosphonium hexaftuorophosphate (BOP) with or without 
HOBT, carbonyldiimidazole (GDI), bis(2-oxo-3-oxazolidinyt)phosphinic chloride (BOP chloride), isopropylchlor- 
oformate (IPCF) and the like. 

Compounds of the formula IV are known in the art. See, for example. R. M. Williams. "Synthesis of Optically 
Active a a-Amino Acids." Perganxjn Press, Oxford, 1989. 

25 Compounds of formula III can be prepared by methods known In the art. For example, for compounds of 
formula III wherein n is 1 and R3 is alkyt, see, for instance. J.W. Skiles, et al., J. Med. Chem .. 29. 784 (1986) 
and U. Schdlkopf, et aL, Angew. Chem. Int. Ed. EngL . 26. 143 (1987). For compounds of formula III wherein 
R4 is alkyi and n is 1. see. for example, I. Huber and D. Seebach, Helvitica Chim Acta . 70, 1944 (1987). For 
compounds of formula III wherein n is 0 and R3 is H. see, for example, J. L Stanton, et at., J. Med. Chem .. 26 

30 1267 (1983). and for n is 2 and R3 is H, see. for example. M. Okada. et aL JP 02.193.971, 31 July 1990. 

A compound of formula V can be treated with a suitable N-deprotecting agent to provide the corresponding 
free amine of formula VI: 



VI 




1' 

' ?6 



Nv^l^COjProj 



(The Proi and Pro2 protecting groups are chosen so that Proi can be selectively rennoved in the presence of 
Proj). 

50 An amine of formula VI can be coupled with a suitable amine-protected amino acid of fbnmula VII (wherein 
Proa is an amine protecting group): 
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VII 



Pro3, 



10 



using an appropriate coupling reagent (e.g., BOP-CI) to form a compound of fbnmula VIII: 



IS 



20 



25 



VIII 



Pro 3 




^C02 Pr02 



(Compounds of formula VII are known in the art See. for example, R.M. Wllllanr«, "Synthesis of Optically Active 
a-Amino Acids," Pergamon Press, Oxford, 1989). 
30 Compounds of formula VIII can also be prepared by coupling a C-terminal protected amino acid of the for- 
mula IX (wherein Pro4 is a carboxylic acid protecting group): 



IX 



35 



40 




45 



50 



with an amine-protected amino acid of formula VII above to provide a compound of fbnmula X: 



55 
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X 



5 



10 




15 The Pro4 protecting group of compound X can be selectively removed by methods known in the art to provide 
a compound of formula XI below: 

XI 



20 



25 




30 

(The Pros and Pro^ protecting groups are chosen so that Pro^ can be selectively renrwved In the presence of 
PrOa). 

Coupling of a compound of fbmriula XI with an amino ester of formula IV would then provide compound 

35 VIII. 

A compound of formula VIII can be selectively N-deprotected by methods known in the art to provide an 
amine of formula XII: 



<o XII 



45 



50 




(The Pro2 and Proa protecting groups are chosen so that Proa can be selectively removed in the presence of 
55 ProJ. 

Coupling fanamineoff rmula XII with an ackJoffbrmula XIII (wherein X and Gi are ptionally protected): 
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xiri 



5 



10 

with a suitable coupling agent provides a conripound of formula XIV: 

xrv 



IS 



20 



25 




Deprotection of the Pro2 group of XIV, and removal of the optional protecting groups protecting X and Gi, 
30 then provides a compound of formula I where Y and Z are -C(0)- and G2 is -C(0)OH. (See T.W. Greene and 
P.G.M. Wuts. "Protective Groups In Organic Synthesis", John Wiley & Sons, New York. 1991, for exemplary 
protecting groups for X and G^. their fomiation and renrK)val). 

Alternatively, removal of the nitrogen protecting group (Pros) from a compound of formula X gives an amine 
of formula XV: 

35 

XV 



40 



45 




which can then be coupled with an acid of fbnmula XIII to provide a compound of formula XVI wherein X and 
50 Gi are optionally protected: 



55 
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XVI 



5 



10 




Selective deprotection of the Pro4 protecting group of XVI provides an acid of formula XVII: 
XVII 



20 



25 



30 




which can be coupled with an amine of formula IV to provide a compound of formula XIV Deprotection of the 
35 Pro2 protecting group of XIV, and removal of the optional protecting groups on X and G,. then also provides a 
compound of formula I where Y and Z are -C(0)- and G2 is -C{0)OH. 

A compound of formula I where Y and Z are -C(0)- and G2 is -C(0)OH or -C(0)NH2. can be prepared by 
automated solid phase peptide synthesis using methods that are well known in the art. See for example: 

a) M. Bodanszky and A. Bodanszky. The Practice of Peptide Synthesis", Springer-Verlag, Berlin/Heidel- 
40 berg/New York/ Tokyo. 1 984. 

b) J. M. Stewart and J. D. Young, "Solid Phase Peptide Synthesis". Pierce Chemical Co.. Rockport. Illinois. 
1984. 

Reductton of a compound of formula XVIII below, wherein Pros ts an amine protecting group (e.g.. t -bu- 
tyloxycarbonyi (Boc), benzyloxycarbonyl (Cbz) and the like): 

45 

XVIII 



55 with a reducing ag nt such as borane provides an alcohol of formula XIX: 
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XIX 



Pros' 



CH2OH 



10 A compound of formula XIX can be N-deprotected by methods known in the art to provide an amine of for- 

mula XlXa: 



XlXd 



15 



20 



25 



30 



35 



A2 



CHjOH 



which can be coupled with a compound of formula XVII to provide a compound of formula XX: 
XX 





40 



45 



SO 



Removal of the optional protecting groups protecting X and Gi then provides a compound of fonmula I where 
Y and 2 are -C(0)- and G2 is -CH2OH. 

Compounds of the formula XVIII are known in the art See. for example, R. M. Williams, "Synthesis of Opt- 
ically Active a-Amino Acids". Pergamon Press. Oxford. 1989. 

A compound of formula I, where Y and 2 are -C(0)- and Gj is -CH2OH, can also be prepared using auto- 
mated solid phase peptide synthesis by perfbnning the routine final step of releasing the product from its solid 
support according to the procedure described in J.M. Stewart ef a/.. U.S. Patent No. 4.254,023 (1 981 ), For ex- 
ample, a C-terminal amino acid residue conventionally attached to a phenylacetamidomethyl (PAM) resin 
would be released as a primary alcohol upon treatment with lithium borohydride in a suitable solvent such as 
tetrahydrofuran. 

Coupling of a compound of formula XVII with a compound of formula XXI: 



55 
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XXI 



A2 



10 and removal of the optional protecting groups on X and provides a compound of formula I where Y and Z 
are -C(0)- and G2 is H. Compounds of the formula XXI can be prepared by methods known in the art. 

Selective removal of the Pro2 group in a compound of formula XIV by methods known in the art provides 
a compound of formula XXII wherein X and Gi are optionally protected: 



IS 



20 



25 



XXII 




30 



A compound of formula XXII can be coupled with an alkoxyamine of formula XXIII below (wherein Pro© is a 
suitable protecting group known in the art, e.g., benzyl, 2-tetrahydropyranyl (THP), and the like): 



« XXIII 

HN — 0Pr0 6 



40 by methods known in the art to provide a hydroxamic ether of formula XXIV wherein X and G, are optionally 
protected: 
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Appropriate deprotection(s) of a compound of formula XXIV as required, depending on the definitions of 
PrOfl, X and G, provides a compound of formula I where Y and 2 are -C(0)- and is C{0)N(R7)OH. 

An acid of the formula XVIII can be coupled with ammonia by methods known in the art to form an amide 
of formula XXV: 



XXV 

A2 



, ^NH2 



Rs 0 

15 An amide of formula XXV can be dehydrated to fonm a nitrile of formula XXVI by methods known in the 
art (e.g., POO^ in pyridine or p-toluenesulfonyl chloride in pyridine): 

XXVI 

A: 

20 



ProsN I ^CN 
Rs 

25 

A compound of formula XXVI can be converted to a tetrazole of formula XXVII, wherein Pror Is a suitable 
tetrazote protecting group, by methods known in the art: 



^ XXVII 



ProfiN 

35 



R5 N N 



For example, heating a compound of formula XXVI with tributyltin azide in an organic solvent (e.g., tol- 
40 uene). followed by treatment with hydroxide and trityl chloride gives a compound of formula XXVII wherein 
Pro7 is a trityl group. See, for example, P. Brooks, et al., J. Chem. Soc ., 925 (1960); Y. Hirotsu. et aL, Bull, 
Chem. Soc. Japan , 40, 2945 (1 967); Z. Grzonka and B. Uberek. Roczniki Chemil. Ann. Soc. Chim. Polonorum , 
45,967 (1971). 

Alternatively, a compound of formula XVIII can coupled with an amine of formula XXVIII below by methods 
45 known In the art: 

XXVIII NH2-Pro7 

to give an amide of formula XXIX: 



50 



ProsN' I ^Pro-7 
Rs 



which can be treated under conditions known in the art ( .g., azW trimethylsllane, triphenylphosphine. diethyl 
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azodicartoxyiate in tetrahydrofuran, as described by J. V. Duncia, et a/.. J. Org. Chem ., 56 2395 (1991)) to 
provide a compound of formula XXVII. For Instance, a compound of formula XXVII where Pro/ is a cyanoethyl 
group can be prepared using this alternative procedure. 

Removal of the Prog protecting group from a compound of formula XXVII provides an amine of formula 
5 XXX: 

XXX 



10 




which can be coupled with an acid of formula XVII to provide a compound of formula XXXI wherein X and 
are optionally protected: 



25 



30 




35 Appropriate deprotection(s) of a compound of fonmula XXXI as required, depending on the definitions of 
Pro7, X and G, by methods known in the art provides a compound of formula I wherein Y and Z are -C(0)- and 
G2 is 5-tetrazolyl. 

An amino acid of fonmula VII (wherein Proa is a suitable amino protecting group) can be converted to the 
N-methoxy-h4-methytamide of formula XXXII by methods known in the art 



XXXI I 



45 



CH3 

f I f ' 



50 



A compound of formula XXXII can be reduced to an aldehyde of formula XXXIII by methods known in the 
art (e.g.. Fehr ntz. t al., Synth sis. 676 (1983)): 



55 
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XXXIII 



I R2 II 

Rl O 



10 

Alternatively, a compound of formula XXXIII can be prepared by reduction of a compound of formula VII 
with a reducing agent such as borane, followed by oxidation of the resulting alcohol using, for example, the 
Swern method of oxidation (e.g.. Luly. et al., J, Org Chem. , 52. 1487 (1987); Stanfield, et a/., J. Org, Chem. . 
46, 4797 (1981)). In yet another alternative, a compound of formula XXXIII can be prepared by reduction of 
IS an ester of a compound of formula VII with a reducing agent such as diisobutylaluminum hydride. See, e.g.. 
Rich, et ai, J. Org. Chem. . 43. 3624 (1978). 

An N-protected aldehyde of formula XXXIII can be reductively aminated with an amine of formula VI to 
form a compound of formula XXXIV using methods known in the art (e.g.. Borch, et at., J. Am. Chem. Soc , 
93,2897(1971)): 

20 

XXXIV 

25 \ / 



30 



Pro3, 



•f 




,C02Pro2 



35 A compound of formula XXXIV can be treated with a suitable N-deprotecting agent to provide the corre- 
sponding free amine of formula XXXV: 



XXXV 



40 



45 




50 

(Th Pro2 and Proa protecting groups are chosen so that Proa can be selectively removed in the presence of 
Proz). 

A compound f formula XXXV can be coupled with an acid of formula XIII (wherein X and G, are optionally 
55 protected) using an appropriate coupling reagent to f nm a compound of fbnnula XXXVI: 
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XXXVI 



5 



10 




Deprotection of the Pro2 group of XXXVI. and removal of the optional protecting groups on X and Gi. pro- 
vides a compound of formula I where Y is -C(0)-. Z is -CHr. and G2 is C(0)OH. (See T.W. Greene and P.G.M. 
Wuts. "Protective Groups in Organic Synthesis", Second Edition, John Wiley & Sons, New York. 1991, for ex- 
emplary protecting groups for X and Gi, their formation and removal). 
20 An acid of formula XIII (wherein X and G^ are optionally protected) can also be converted to the N-methoxy- 
N-methylamide of formula XXXVII by oiethods known in the art (e.g.. Fehrentz. etaL, Synthesis .. 676 (1983)): 

XXXVII 



H(X) 

T r 

(CH2)pCH3 
H(Gi) 



CH3 



35 



40 



45 



A compound of formula XXXVII can be selectively reduced to an aldehyde of formula XXXVIII by methods 
known in the art (e.g., Fehrentz, et a/., Synthesis , 676 (1983)): 



XXXVIII 



H(X)q 



(CH2)p 
H{G^) 

An aldehyde of formula XXXVIII can be reductively aminated with an amine of formula XII to form a conrv 
pound of formula XXXIX using methods known in the art (Borch, a/.. J, Am. Chem. Soc ., 93, 2897 (1971)): 



50 



55 
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15 Deprotection of the Pro2 group of XXXIX, and removal of the optional protecting groups on X and Gi. provides 
a compound of formula I where Y is -CHj-. Z is -C(0)-. and Gj is C(0)OH. 

By combining the appropriate steps above, one skilled in the art can prepare a compound of formula I where 
both Y and Z are -CHj-. and G2 is C(0)OH. In addition, by combining the appropriate steps above, one skilled 
in the art can prepare compounds of formula I where one or both Y and Z are -CH2-, and G2 is H. -C(0)NH2, 

20 5-tetrazolyl, -C(0)N(R7)0H or -CH2OH. 

In yet another process, an aldehyde of formula XXXVIII can be reductively aminated with an amine of for- 
mula XXXX, wherein Proe is a carboxylic acid protecting group (e.g., alkyi, benzyl, p-methoxybenzyl and the 
like), to form a compound of formula XXXXI using methods known in the art (Borch, et al., J. Am. Chem. Soc . 
93, 2897 (1971)): 

25 

XXXX 

I' 

HN^^CO.Proe 
I ' 



35 



40 



45 



XXXXI 

H H 

H(x),^y^c-;^ p 

N ^ CO.Prop 



^(CH2lr 



H(Gi) 



The Proe protecting group can be selectively removed by methods known in the art to provide the con-e- 
sponding carboxylic acid which can be coupled with an amine of formula VI to provkle a compound of formula 
XXXIX. Removal of the protecting groups as described above provides a compound of formula I where Y 
is -CHr. Z is -C(0)-. and G2 is C(0)OH. 
50 In yet another process, a compound of formula XXXXI where R, is H can be protected on the secondary 

amine with a suitable N-protecting group Prog (such as a Cbz group) to provide a compound of formula XXXXII: 



55 
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XXXXII 




H(Gi) 



The Proa protecting group of a compound of formula XXXXII can be selectively removed by methods known 
in the art to provide the corresponding carboxylic acid which can be coupled with an amine of formula IX to 
provide a compound of fonnnul a XXXXlll: 

XXXXIII 




✓ 

H(Gi) 



The Pro4 protecting group of a compound of formula XXXXIII can be selectively renrwved by methods 
known In the art to provide the corresponding carboxylic acid which can be coupled with an amine of formula 
IV to provkle a compound of formula XXXXIV: 



XXXXIV 



H H ^1 



H(Gi) 



I ^2 II 

Pro9 0 




,C02Pro2 



Deprotection of the Pro2 group of XXXIV, renwval of the N-protecting group Prog (for example, by using a 
mixture of trifluoroacetic acid, thioanisole and bromotrimethylsilane), and removal of optional protecting 
groups on X and Gi, provide a compound of formula I where Y is -CHr, 2 is -C(0)-, Ri is H, and G2 is C(0)OH. 

Skle-chain protecting groups may be used In these processes for amino acids having reactive functional- 
ities, such as hydroxy!, carboxyl, amino, mercapto. guanidino, imidazolyl, indoiyi and the like. The particular 
protecting groups used for any amino acid residues depend upon the sidechains to be protected and are gen- 
erally known in th art Exemplary sidechain protecting groups include acetyl, benz yl, benzyl, t-butyl and the 
like for hydroxyl;cyd hexyl. benzyl, methyl, ethyl, t-butyl and the lik f r carboxyl; benzyl, 4-methylbenzyt, 4- 
meth xybenzyl. acetyl, acetamidomethyl, triphenylmethyl (trityi) and the lik for mercapto; t-butoxycarbonyl 
(Boc). benzyl xylcartwnyl (Cbz). N-[(9H-Ruoren-9-ylmethoxy)carbonyll (Fmoc). phthaloyi (Pht). p-toluenesul- 
fonyl (Tos). trifluoroacetyl. 2-(trimethylsilyl)ethoxycarbonyl (Teoc) and th like for amino; 2,4-dinitrophenyl, 
benzyl xym thyl. Tos. Boc, trityi and the like for imidazolyl; formyl. Cbz. T oc, 2.2,2-trichloroethyt carbamate 
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(TROC) and the like for indolyl; and tosyl, nitro, bis(l-adamantyloxycarbonyl) and the like for guanidino. 

Side-chain protecting groups may be rennoved. if desired, by, for example, treatment with one or wore de- 
protecting agents in an inert solvent or solvent mixture. For examples of protecting groups and suitable de- 
protecting agents, see M. Bodansky and A. Bodansky. The Practice of Peptide Synthesis", Springer-Verlag, 

5 Inc. (1984); and T. W. Greene and P.G.M. Wuts, "Protective Groups in Organic Synthesis", Second Edition, 
John Wiley & Sons, New York« 1991. 

The invention will now be further described by the following working examples, which are preferred em- 
bodiments of the invention. All temperatures are in degrees Celsius f C) unless otherwise indicated. Conrv 
pounds exemplified herein, which comprise a basic moiety such as an amine or substituted amine, may exist 

10 as a salt of an organic or inorganic acid. Such informatten is not explicitly described in all the examples, but 
would be understood by those skilled in the art. These examples are illustrative rather than limiting. 

Example 1 

IS (R*,S>N-[[2-[N-(2-Amlno-3-mercaptopropyl>-L-valyll-1,2,3,4-tetrahydro-3-isoqulnoli^^ 
methionine. 




35 

A, (R*)-N-[[2-[(1 ,1-Dlmethylet hoxy)-cartoonylJ-1 ^,3,4-tetrahydro-3-l8oqulnollnyl]cart)onyl]-L-methio- 
nlne, methyl ester. 

Asolution of (S)-3,4-dihydro-2.3(1 H)-isoquinolinedicarboxylic ackl, 2-(1 ,1 -dimethylethyl) ester (2.0 g. 7.21 
40 mmol) and L-methionine methyl ester HCI (1 .44 g, 7.21 mmd) in 5:15 N-methylpyrolidinone-CHzClz was stirred 
at 4''C. N,N-Diisopropylethyiamine (1 .23 mU 7.21 mmol) was added, followed by N-hydroxybenzotriazole (974 
mg, 7.21 mnwl). The reaction mixture was stirred for 5 minutes, then 1-ethy1-3-(3- 
dimethylaminopropyl)carbodiimide.HCI (1.38 g, 7.21 mwo\) was added. The reaction mixture was allowed to 
come to room temperature, stirred overnight and partitioned between CH2CI2 and saturated NaCI. The organic 
45 phase was washed successively with citric acid, NaHCOj and NaO, dried over MgSO*. and concentrated in 
vacuo to give 2.64 g (86%) of Compound A. This was used in the next step without further purification. 

B. (R*)-N-[(1,2,3p4-Tatrahydro-3-l8oqulnollnyl)carfoonyl]-L-methlonlne, methyl ester. 

50 A solution of Compound A (2 g, 6.22 mmol) in 10 mL CH2CI2 was treated at room temperature with 10 mL 
trif luoroacetic acid and 0.5 mLdimethyl sulfide, and stinred for 0.5 hour. The reaction mixture was concentrated 
in vacuo, dissdv d in CH2a2 and concentrated. This procedure was rep ated f iv times to yield Compound 
B (99%) as a cl ar glass. This was used in the next step with ut further purif icatbn. 

55 C.(R>N*[P-[N-((1,1-Dlmethyloth xy)carbonylhL-valyl]-1»2,3At«trahydra-3-l» quin llnyl]carb nyt]- 
Lnnethtonlne, methyl ester. 

Compound B (4.73 mmol) was dissolved in CH2a2 (20 mL) and cooled to 0*C. N-t-Butyloxycarbonyl-L- 
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valine (2.06 g, 9.466 mmol), bis(2-oxo-3-oxa2olidinyl)phosphinic chloride (1 .2 g, 4.733 mmol) and N,N-diiso- 
propytethytanriine (1.2 g, 1.6 mL, 9.466 mmol) were added. The reaction mixture was stirred for 24 hours at 
0*'C. Additional bis(2-oxo-3-oxazolidinyl)phosphinic chloride (1.2 g, 4.733 mmol) and N.N-diisopropylethyla- 
mine (590 mg, 0.8 mU 4.733 nrunol) were added and the reaction mixture was stirred for an additional 12 hours 
5 atO^C. The reaction mixture was concentrated and chromatographed (silica gel. eluting with 50% ethyl acetate, 
50% hexane). The active fractions were collected and concentrated to yield Compound C as a clear oil (2.4 
g, 97%). 

D. (R*)-N-[[2-(L-Valy1)-1,2,3,4-tBtrahydro-3-lsoqulnolinyl]carbonyl]-L-inethionine, methyl ester. 

10 

Compound C (190 nr>g. 0.45 mnnol) was stirred in methyl sulfide (0.3 mL) and 4N HQ in dioxane (lOmL) 
for 30 minutes at room temperature. The reaction mixture was concentrated in vacuo, dissolved in CH2CI2 (30 
mL) and concentrated. This latter procedure was repeated five times to yield Compound D (99%) as a clear 
glass. This was used In the next coupling step without further purification. 

15 

E. N2.[(1,1.Dlin6thylethoxy)carbonyl]-N-methoxy-N-methyl-S-(triphenylmethyl)-L-cy8teinamide. 

N-Butyloxycart)onyl-S-trityl-L-cysteine (20.0 g. 43.14 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodi- 
imide Ha (8.3 g, 43.1 mmol). and 1-hydroxybenzotriazole hydrate (5.8 g. 43.1 mmol) were dissolved in dime- 

20 thylformamlde (100 mL). N.O-Dimethylhydroxylamine hydrochloride (4.91 g. 50.6 nvnol) and N.N-diisopropy- 
lethylamine (6.1 3 g, 8.3 mL, 47.5 mrrK)l) were then added. The reaction mixture was stirred for 5 hours at room 
temperature, poured into water (50 mL) and extracted with ethyl acetate (3 X 200 mL). The combined organic 
layere were washed with water (3 X 500 mL) and brine (200 mL). dried (MgS04), concentrated and chromato- 
graphed (silica gel, eluting with 40% ethyl acetate, 60% hexane). Fractions containing the product were col- 

25 lected and concentrated to yield Compound E as a white solid (19.95 g. 92%). 

F. N-((1.1-DIinethylethoxy)cart)onyl}-S-(trlphenylinethyl)-L-cy8telnal. 

Compound E (1.00 g. 1.89 mmol) was dissolved In tetrahydrofuran (4 mL) and the solution was cooled to 
30 0**C. 1 M LiAIHU in tetrahydrofuran (4.9 mL, 4.9 mmol) was added dropwise over 20 minutes. The reaction mix- 
ture was stirred for 30 minutes at O^C under nitrogen. Diethyl ether (200 mL) was added and the reaction mix- 
ture was quenched with dropwise addition of 1M KHSO4 (40 mL) at 0**C. The mixture was stirred for an addi- 
tional 30 minutes at 0'*C and the layers were separated. The organic layer was washed with saturated NaHCO^ 
(50 mj, 1M KHSO4 (50 mL) and brine (50 mL), dried (MgSO*). and concentrated to yield Compound F as a 
35 white glass (840mg. 99%) which was used immediately in the next step without further purification. 

G. (R*.S*)-N-[I2-[N-[2-[I(1,1-Dlmethylethoxy)carbonyt]amino]-3-I(trlphenylmethyl)thlolpropyll-L-va- 
lyl]-1,2,3Atetrahydro-3-lsoqulnotlnyl]carbonyl]-L-methlonlne, methyl ester. 

40 Compound D (0.45 mmo\) and Compound F (250 nr>g, 0.54 mmol) were dissolved in methanol (10 mL) and 

glacial acetic acid (0.2 mL) at room temperature. Sodium cyanoborohydride (28 n>g. 0.45 mmol) was dissolved 
in methanol (2mL) and added dropwise over 30 minutes. The reaction mixture was stirred for 3 hours. More 
Compound F (125 nDg. 0.27 mn>ol) was then added, and the reaction mixture stirred an additional 3 hours. The 
mbcture was cooled to 0**C, and saturated NaHCO, (50 mL) was slowly added. The product was then extracted 

45 into ethyl acetate (60 mL). The ethyl acetate layer was washed with water (100 mL) and brine (100 mL). dried 
(MgSO*), concentrated and chromatographed (silica gel. eluting with 40% ethyl acetate, 60% hexane). Frac- 
tions containing the product were collected and concentrated to yield Compound G as a clear oil (260 mg, 67%). 

H. (R^S>N-[p-Ir^(2-Amlno-3-mercaptopropyl)-L-valyll-1,2,3At»trahydro-3-l8oqulnolinyllcaA 
50 L-methlonine. 

Comp und G (1.8 g, 2.11 mmol) was dissolved in methanol (30 mL) and 5N NaOH (10 mL) at room tem- 
perature. The r action mixture was stirred for 3 hours at room t mperature. The mixture was neutralized to 
pH 6 using 5N HCI, concentrated and dissolved in ethyl acetate (100 mL) and water (100 mL). The aqueous 
55 layer was separated, acidified to pH 2 using 5N HQ, and extracted with ethyt acetate (100 mL). The combined 
organic lay rs w re washed with brine (50 mL), dried (MgS04) and concentrated to yield a white solid. This 
material was dissolved in CH2CI2 (10 mL). trifluoroacetic acid (10 mL) and triethylsilane (1.0 mL) and was stir- 
red for 40 minutes at room temperature. The mixture was concentrated, dissolved in CH2CI2 (50 mL). and then 
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concentrated again. This latter procedure was repeated five tinrtes to yield the crude product as a white sticky 
solid (quantitative crude recovery). The crude solid was purified by preparative HPLC (YMOC18 column, 2.2 
X 25 cm, 5 micron, 120 angstrom; solvent A. 0.1% trifluoracetic acid in water solvent B. 0.1% trifluoracetic 
acid in acetonitrile: 25-35% B in A over 40 minutes, flow rate 9 mL/min; UV monitored at 220 nm). Fractions 
5 containing Compound H were combined and lyophilized to provide a white solid (790 mg. 75% yield), mp 1 03- 
104 °C 

Optical rotation: - 44.2'' (c = 0.5. methanol) 
MS: (M+H)M97*. 

Elemental Analysis for 2.20 C2HF3O2. 0.80 H2O: 
10 Calc'd: C. 45.03; H. 5.68; N. 7.99; F. 13.40; 
Found: C, 45.03; H, 5.44; N, 7.95; F. 12.99. 

iH-NMR (CD3OD, 270 MHz) 6(ppm) 7.17 (4H, m). 4.72 (4H, m). 4.48 (1H, m).4.29 (1H, m), 3.92 (1H, m), 3.25 
(2H, m), 2.69 (2H. m). 2.43 (1H, m). 2.12 (3H. m), 1.95 (3H, d), 1.83 (2H. m). 0.98 (6H. m). 

15 Example 2 

(R>N-[I2-[W-(L*Cy8t9lnyl)-L-vatyl]-1,2,3,4-tetrahydro-3-l8oqulnonnyllcartoonyl]-L-methionlne 



35 A.(R>N-[t2-[N.[N-[(1,1-Dimethylethoxy)carbonyl]-S-(triphenylmethyl)-L-cy8t8lnyll-L.^^ 
tetrahydro-3-l8oqulnollnyl]cart>onyl]-L-methlonlnep methyl ester. 

A solution of Compound 1C (1.2 g, 2.3 mmol) in 7.5mL of CH2CI2 was treated at 40C with 7.5 mL of tri- 
f luoroacetic add and stirred for one hour. The reaction mixture was concentrated in vacuo, dissolved in CH2CI2 

40 and neutralized with N.N^iisopropylethylamine. The resulting solution was added to an ice- bath chilled solu- 
tion of N-t-butyloxycarbonyl-S-trityl-L-cysteine (3.21 g, 6.9 mnrtoi), benzotriazol-1-yloxy-tris(dimethylami- 
no)phosphonlum hexafluorophosphate (3.05 g, 6.9 mmol) N-hydroxybenzotriazole (936 mg, 6.9 mmol), and 
N,N-diisopropylethylamine (1.2 mU 9 mmol) in tetrahydrofuran. The reaction mixture was allowed to come to 
room temperature and stirred overnight The solvent was renK)ved in vacuo and the residue dissolved in ethyl 

45 acetate. The organic solution was washed successively with saturated citric acid. NaHCOa and NaCI, then dried 
over MgS04 and concentrated in vacuo to a white foamy residue. Purification on a 5 x 16 column of silica, 
eluting with 25% to 40% ethyl acetate/hexane, gave 1 .34 g (1.55 mmol. 67%) of Compound A. 

Alternatively. Compound 1C (3 g, 5.75 mmol) was added to a solution of 2N HCt in acetic acid (10 mL) 
and dinr>ethyl sulfide (1 mL). After stirring for 3 hours, the solvents were removed in vacuo and the residue 

so was triturated with ether (3 x 50 mL). A solution of the resulting material (2.4 g) in ethyl acetate (1 00 mL) was 
washed with sodium bicarbonate (20 mL). dried over sodium sulfate, filtered and concentrated in vactx). The 
residue (2.19 g) was dissolved in dimethytf rmamide (30 mL) and cooled to O^'C under N2. To this was added 
N-t-butyl xycarbonyl-S-trityl-L-cysteine (2.42 g. 5.21 mmol). N.N-diisopropylethylamine (905 mL. 5.2i mmol). 
and benzotriazol-1-yloxy-tris(dtmethylamino)phosphonium hexafluorophosphate (2.30 g. 5.21 mmol). After 30 

55 minutes, th reacti n was all wed t warm t room t mperature. After stirring for 6 hours, the react kvi wm 
diluted with ethyl acetate (300 mL) and washed sequentially with saturated sodium bicarbonate (1 00 mt ). p^o•- 
phate buffer (pH=4, 100 mL) and 10% lithium chloride (3 x 100 mL). The organic layer was dried over •odR*« 
sulfate, filtered and concentrated in vacuo. The residu was purified on silica gel (400 mL eluting with a 1 to 
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1 :1 hexane/ethyl acetate) to give Compound A (4.23 g, 86%). 
TLC: R« = 0.49 (1 :1 hexane/ethyl acetate, 
visualized by eerie ammonium sulfete); mp: 82-84'*C. 

5 B.(R>N-([2.[N-IN-[(1,1-DimethylGthoxy)cartonyl]-S-(triphenylmethyl).L.cy8telnyl)-L-vafy 
t6trahydro-3-isoqulnoliny1]carfaonyl]-L-methlonine. 

Compound A (1 .34 g, 1 .55 mmol) in 90 mL methanol was treated at room temperature with LiOH (162 mg, 
3.88 moK)!) in 30 mL H2O for 3 hours. The methanol was removed in vacuo, and the aqueous solution diluted 

10 with water, washed with ether and acidified with saturated citric acid. The product was extracted from the aqu- 
eous phase with ethyl acetate. The organic solution was washed with saturated NaCI and dried over MgS04, 
and the solvent was removed in vacuo to give 650 nr>g (0.76 mmol. 50%) of Compound B wtiich was used in 
the subsequent step without further purification. 

Alternatlvety, to a solution of Compound A (1 .0 g, 1 .1 5 mmol) in tetrahydrof uran (4 mL) at O^'C was added 

15 1 N sodium hydroxide (2.30 mL, 2.30 mmol). After stirring for 2 hours, the reaction mixture was poured into 1 N 
hydrochloric acid (1 0 mL) and extracted with ethyl acetate (3 x 50 mL). The organic layer was dried over sodium 
sulfate, filtered and concentrated in vacuo to give Compound B (970 mg, 99%). 

TLC: Rf = 0.75 (9:1:0.05 chloroform/methanol/acetic add. visualized by eerie ammonium sulfate); mp: t12 -115°C. 

20 C. (R>N-[[2-[N-(L-Cy8teinyl)-L-vatyl]-1,2,3,4-tetrahydro-3-l8oqulnollnyqcarbonyl]-L-methl^ 

Compound B was treated at room temperature with a mixture of 95 mL trifluoroacetic acid. 3 mL thioani- 
sole, 1 mL methyl sulfide and 1 mL ethanedithiol. for 3.5 hours. The volatiles were removed in vacuo and the 
residue triturated with cold ether. The crude peptide precipitated, and 286 mg (0.56 mmol, 74%) was collected. 
25 washed with cold ether and finally extracted into glacial acetic acid. The acetic acid solution was tyophiiized, 
and the lyophilate was purified by reverse phase HPLC using a gradient of 25-60% solvent B in solvent A over 
60 minutes (solvent A. 0.05% trifluoroacetic acid in H2O; solvent B. 0.05% trifluoroacetic acid in CH3CN) to 
give, after lyophilizatlon, 120 mg (42%) of pure Compound C. FAB-MS: 533 (M Na*), 511(Mhr).362 (M-Met 
H*). 309 (M-Tie Met H^. 



Calculated for C28H3iN405S2- C2HF3O2 • 


H2O: 






Theory: 


C, 47.22; 


H, 5.82; 


N, 8.85; 


S. 10.12; 


F, 8.55. 


Found: 


C. 47.21; 


H,5.67; 


N. 8.60; 


S. 10.15; 


F,8.41. 



Example 3 

(R*).N-[I2-[N-(L-Cy8telny1)-L«valyll-1,2,3,4-tetrahydr&-3-lsoqulnolinyl]carfaonyl]-L-m methyl 
ester. 



45 



50 



55 
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The titi Compound (100 mg, 27%) was prepared from Compound 2A (672 mg. 0.72 mmol) using the pro- 
cedure described for the preparation of Compound 2C from Compound 2B, except that the reaction was carried 
out at 0<*C. 

FAB-MS: 525(MH*) 547(MNa*). 



Calculated for C24H3eN405S2- I.22C2HF3O2 ■ 0.14 H2O: 


Theory: 
Found: 


C, 47.66; 
C, 47.66; 


H, 5.67; 
H,5.41; 


N, 8.41; 
N. 8.17; 


S. 9.62; 
S. 9.85; 


F, 10.44. 
F. 10.42. 



Example 4 

(R>N^[[2■[N^(3^^tercapto■1^oxop^opyl)■L■valy^]^1,2,3,4■tet^ahyd^o^3-lsoqulnollnyl^M 
thionlne. 




A. (R>N-[P-(N-I3-[(Trlphoriylmethyl)thlo]-1-oxopropyl]-L-valyll-1,2,3,4-tetrahydr^^ 
nyt]carbony1}-L-methlonlne, methyl ester. 

Compound 1C (2.61 g, 5 mnrol) was treated at 0**C with 50 mL 1:1 trifluoroacetic acid/CHaC^ for one hour. 
The volatiles were removed in vacuo, and the residue dissolved in 25 mL tetrahydrofuran. neutralized with 
N.N-diisopropytethylamine. and added to an ice-cold solution of S-trityl-3-mercaptoprop ionic acid (5.22 g, 15 
mmol, prepared according to Kwang et al., J. Med. Chem. . 13. (1970) 414), benzotriazol-1-yl.oxy-tris(dime- 
thylamino)phosphonium hexafluorophosphate (6.65 g, 15 mmol), N-hydroxybenzotriazole (2.03 g, 15 mmol) 
and N,N-ditsopropylethylamine (2.7 mL) in 75 mL tetrahydrofuran. The reaction mixture was allowed to come 
to room temperature and stirred overnight The reaction mixture was concentrated in vacuo, and the residue 
partitioned between ethyl acetate and NaCI. The organic phase was washed with citric acid, NaHCOa and NaCI, 
dried over MgS04. and concentrated to a white foamy residue. This was purified on a 5 x 16 column of silica 
gel, using 20-60% ethyl acetate/hexane as the eluant. to give 2.07 g (55%) of Compound A. 

B. (R>N-[[2-[N-I3-[(Triphenylmethyl)thio]-1.oxopropyl]-L-vaIyl]-1.2,3p4.tetrahydK^^ 
nyl]carbonyl)-L-methlonine. 

Compound A (1.59 g, 2.1 mnrwl) was treated with LiOH as described for preparation of Compound 28 to 
give 1.25 g (88%) of Compound B. 

C. (R*)-N-[P-IN-(3-Mercapto-1-ox propyl)-L-vaIyll-1.2,3»4-totrahydro-3-l8 quin llnyljcarb nyl]-L-me- 
thionlne. 

Compound B (740 nrtg, 1 mnfK)l) was deprotected In triflu roacetic acid/thioanis le/methyl sulf ide/ethane- 
thid as described for the preparation of Compound 3A. Aft r removal f the volatiles, the residue was triturated 
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with ether/pentane. and the precipitated crude product was washed with cold pentane. then extracted into 0.5% 
trifluoroacetic acid in acetonitrile. The acetonitrile solution was diluted with an equal volume of 0.5% trifluor- 
oacetic acid in water, lyophiiized, and the residue purified on reverse phase HPLC, to give Compound C. 
FAB-MS: 496(Mhr), 518(MNa*). 



5 


Calculated for CjaHaaNaOsSj- O.46C2HF3O2 • 0.03 H2O: 




Theory: 


C, 52.40; 


H,6.16; 


N, 7.79; 


S, 11.91; 


F, 4.73. 




Found: 


C. 52.40; 


H, 6.24; 


N, 7.79; 


S. 11.91; 


F, 4.72. 



15 



Example S 

(R%R>N-[[2-[2-(l^Cystelnylamlno^3>methytbutyl>1,2,3,4-tetrahydro-3-lsoqulnoll^ 
thionine. 



20 



25 



30 



.CH3 



N H 



HS 



.CH2 H 



H H 




H3C 



I 

XH2"*-CH 

^ \ 

'CH2 c=o 

HO 



A. NM(1 ,1-Dlmet hylethoxy)caftony1]-N-m6thoxy-N-met hyl-L-vatlnamlde. 

N.O-Dimethylhydroxylamine hydrochloride (4.91 g, 50.6 mnKil) was dissolved in CH2CI2 (100 mL). N-t-Bu- 
tyloxycart)onyl-L-valine (10.0 g. 46 mnx>l), 1-ethyl-3-(3-dimethylaminopropy1)cart>odiimide-Ha (9.7 g. 50.6 
mnrwl), and N.N-diisopropylethylamine (6.13 g, 8.3 mU 47.5 mmoi) were added. The reaction mixture was stir- 
red for 16 hours at room temperature, concentrated and chromatographed (silica gel, eluting with 40% ethyl 
acetate, 60% hexane). The active fractions were collected and concentrated to yield Compound A as a dear 
oil (3.5 g, 42%). 

B. N-((1,1-DImethy1ethoxy)cart>onylhL-vaJlnal. 

Compound B (2.6 g, 99%; colorless oil) was prepared from Compound A(3.5 g, 11.8 mnnol) using the pro- 
cedure described for the preparation of Compound 1F from Compound IE. 

C. (R>N-[[2-[2-D(1,1-Dlmethylethoxy)carbonynamlno]-3-methylbuty1]-1,2,3,4-totrahydro-3-^ 
llny1]cart>onyl]-L-inethlonlne, methyl ester. 

To a solution of Compound B (2.6 g, 11.82 mmol) and Compound IB (4.66 g, 13.0 mmol) in methanol (100 
mL) at room temperature was added glacial acetic acid (2.0 mL). Sodium cyan borohydride (743 nr^g, 11.82 
mmol) was added portionwis over 30 minutes. The reaction mbcture was stirred at room temperature for 4 
hours. The mbrture was cooled to 0*'C. Saturated NaHCOa (100 mL) was slowly added and the product was 
extracted with thyiacetat (200mL).Th ethyl acetate layer was washed with water (200 mL) and brine (100 
mL), dri d (MgS04). concentrated and chronwtographed (silica gel. eluting with 50% diethyl ther. 50% hex- 
ane). Fractions containing th product were collected and concentrated t yield Compound C as a dear oil 
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(1.5 g. 30%). 

D. (R^R*)-N-a2-[2-[[N-[(1,1-Dlmethyl^thoxy)carbony1^S-(trfphenylmetM^L-c^^^ 
thy1buty1I-1,2,3,4-t6trahydra-3-tsoqulnolinyl] carbonyl]-L-methlonine, methyl ester. 

Compound C (1.5 g, 2.96 mmol) was stirred in methyl sulfide (0.4 mL) and 4N HQ in dioxane (10 mL) for 
30 minutes at room temperature. The mixture was concentrated, dissolved in CH2CI2 (30 mL), and then con- 
centrated again. This latter procedure was repeated five times to yield the amine hydrochloride as a clear glass. 
This material was dissolved in dimethytformamide (20 mL) and N,N-diisopropytethylamine (383 mg, 0.52 mL, 
2.96 nrunol). This solution was added dropwise to a stirred solution of N-t-butyloxycarbonyl-S-trityl-L-cysteine 
(1.65 g, 3.55 mmol). 1-ethyl-3-(3-dimethylaminopropyl)-cart)odiimlde HCI (737 nr^, 3.85 mnx>l), and 1-hydrox- 
ybenzotriazole hydrate (519 mg. 3.85 mnx>l) in dimethy1f6m:iamide (30 mL). The reaction mixture was stirred 
for 16 hours. The mixture was poured into water (100 mL) and the product was extracted with ethyl acetate (2 
X 100 mL). The combined ethyl acetate layer was washed with water (3 X 200 mL) and brine (100 mL), dried 
(MgS04), concentrated and chromatographed (silica gel, eluting with 50% ethyl acetate, 50% hexane). Frac- 
tions containing the product were collected and concentrated to yield Compound D as a dear oil (1.9 g, 75%). 

E. (R\R>N-[[2-[2-(L-Cy8teinylamlno)-3-methylbutyipi,2,3Atetrahydro-3-lsoquinollny1]carbon^^ 
methionine. 

Compound E (50%) was prepared from Compound D (1.4 g, 1.64 idttkA) using the procedure described 
for the preparation of Compound 1 H from Compound 1 G. 
mp 112-113 *»C 

Optical rotation: - 55.7** (c = 0.5, methanol) 
MS: (M+H)M97*. 

Elemental Analysis for 2.20 C2HF3O2, 0.80 H2O: 
Calc'd: C. 43.123; H, 5.02; N, 6.84; 
Found: C, 42.83; H, 5.12; N. 7.13. 

1H-NMR (CD3OD, 270 MHz) 8 (ppm) 7.28 (4H, m). 4.57 {2H, m). 4.39 (1H. m), 4.22 (2H. m). 4.11 (1H, m), 3.14 
(4H, br m), 2.55 (2H, m), 2.21 (2H, m). 2.10 (3H. s), 1.97 (3H. m), 0.98 (6H. m). 

Example 6 

(R*)-N-[[2-[N-(3-Mercaptopropyl)-L-vaiyl]-1 ,2,3,4-tetrahydro-3 -Isoqulnollnyl] cartoonyll-L-methlonlne. 




A. 3-[(Triphenylm6thyl)thl ]-N-math xy-N-methylpropanamid . 

T a stirred solution f S-trity1-3-mercaptopropionic acid (4.5 g, 12.9 nunol, prepared according to Kwang 
et al., J. Med. Chem.. 13, (1970) 414) in CH2CI2 (40 mL) was added N.l^iisopropylethylamine (2.2 mU 12.9 
mnx>l) followed by benz triazol-1-ytoxy-tris(dimethylamino)ph sphonium hexaflu rophosphate (5.7 g, 12.9 
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mmol). After several minutes, N.O-dimethylhydroxylamine hydrochloride (1.31 g, 13.5 mmol) was added along 
with additional diisopropyl ethyl amine (2.2 mU 12.9 mmol). The solution was stirred for 2 hours at room tem- 
perature. Additional CH2CI2 was added (80 mL) and the solution was washed with 1N KHSO4 (3x), saturated 
NaHCOs (3x) and brine (2x). The organic layer was dried (MgSO^) and concentrated. The residue was recrys- 
tallized twice using ethyl acetate/hexanes to yield Compound A (4.12 g, 82%). 

B. [(Trlphenylmethyl)thio]propanal. 

Compound B (1 .5 g, 88%) was prepared from Compound A (1 .8 g, 5.2 mmol) using the procedure described 
for the preparation of Compound 1F from Compound 1 E. 

C. {R>N-[[2-[N-I3.[(Triphenylmethyl)-thlolpropyl>L-valyl]-1A3Atetrahydro-3-te 
nyl]-L^methtonlne, methyl ester. 

Compound C (1.8 g, 53%) was prepared from Compound B (1.5 g, 4.6 mmol) and Compound ID (2.2 g, 
5.2 mmo\) by a procedure analogous to that described for the preparation of Compound 5C from Compound 
5B and Compound IB. 

D. (R>N-[[2-[N-(3-Mercaptopropyl)-L-valyl}-1,2,3,4-t6trahydFO-3-l8oqulnollnyl]cartony^^ 
nine. 

Compound D (white powder, 49%) was prepared from Compound C (700 mg, 0.94 mmol) using a procedure 
analogous to that described for the preparation of Compound 1H from Compound 1G. 
MS (M+H)*48r 

iH-NMR(CD30D. 270 MHz) 6 (ppm) 7.23-7.13 (4H, m). 4.65-4.49 (4H. m). 4.26 (1H, m), 3.22 (1H. m), 3.06- 

2.88 (3H, m), 2.51-2.35 (4H, m). 1.97 (3H, s). 2.33-1.77 (4H. m), 1.10-1.07 (6H. m). 

Elemental Analysis for C23H34N3O4S2.I.2C2HF3O2. 1.35 H2O: 

Calc'd: C. 47.53; H, 5.95; N. 6.55; S, 9.99; F, 10.68; 

Found: C, 47.54; H, 5.85; N, 6.69; S. 9.76; F, 10.66. 

Optical rotation: -33.8'* (c = 0.7, methanol). 

Example 7 

(R*)"N-[I2-[N-(3-Mercaptopropyl)-L-alany1l-1>2,3^tetrahydro-3-l8oqulnolinyl]cafbonylK-^^ 




A.(R*)-N-[P-[N-I(1.1-Dlnf>ethylethoxy)carb nyll-L-alanyll.1,2,3,4-totrahydro-3-l8oqulnolinyl]c«fbo- 
nyt}*L-methionlne, methyl ester. 

Compound 1A(4.0 g, 9.47.nrtmol) was stinBd in dimethyl sulfide (0.5 mL) and 4N HO in dioxarw (IO mt) 
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for 30 minutes. The mixture was concentrated, dissolved in methylene chloride (50 mL) and concentrated. This 
latter procedure was repeated five times to yield the amine hydrochloride as a clear glass. This material was 
dissolved In methylene chloride (40 mL) and cooled to O^'C. t-Butyloxycart)onyl-L-alanine (3.58 g, 18.93 mmol). 
bis(2-oxo-3-oxazolldlnyl)phosphinic chloride (4.82 g. 19.93 mmol) and N,N-diisopropylethylamine (3.68 g, 5.0 
5 mL. 28.40 mmol) were added. The reaction mixture was stirred for 24 hours at 0*C. The reaction mixture was 
concentrated and chromatographed (silica gel, eluting with 40% ethyl acetate, 60% hexane). Fractions con- 
taining the product were collected and concentrated to yield Compound A as a white glass (4.6 g, 99%). 

B. (R>N-[I2-[N-[3-((Triphenylmethyl)thlolpropyll-L-alanyl]-1^,3^tetrahydro-3-l8oquiriolInyl]caA 
10 ny1}-L-m6thionlne, methyl ester. 

Compound A (2.5 g, 5.07 mmol) was stirred In methyl sulfide (0.3 mL) and 4N HCI in dioxane (10 mL) for 
30 minutes at room temperature. The mixture was concentrated, dissolved in methylene chloride (30 mL) and 
concentrated. This latter procedure was repeated five times to yield the amine hydrochloride as a dear glass. 

IS This material and Compound 6B (4.4 g, 13.25 mmol) were dissolved in methanol (100 mL) and glacial acetic 
acid (2.0 mL) at room temperature. Sodium cyanotwrohydride (833 mg. 13.25 nvnol) was added portion wise 
over 30 minutes. The reaction mixture was stirred for 4 hours at room temperature. The mixture was cooled 
to O^C, and saturated NaHCOa (100 mL) was slowly added. The product was then extracted into ethyl acetate 
(200 mL). The ethyl acetate layer was washed with water (200 mL) and brine (100 mL), dried (MgSO^, con- 

20 centrated and chromatographed (silica gel. eluting with 50% ethyl acetate. 50% hexane). Fractions containing 
the product were collected and concentrated to yield Compound B as a dear oil (2.0 g, 56%). 

C. (R>N-[[2-[N-(3-Mercaptopropyt)-L-alanyt]-1^,3,4-tetrahydro-3-i8oqulnollnyl]cart^ 
nine. 

25 

Compound C was prepared from Compound B using the procedure described for the preparation of Conrv 
pound 1 H from Compound 1 G. 
mp 81-82 "C 

[a]D25 = - 43.3° (c=1.0, methanol). 
30 MS:(M+H)*454\ 
Elemental Analysis : 
Calc'd: C. 46.82; H. 5.89; N, 7.12. 
Found: C. 46.83; H. 5.52; N, 7.05. 

1H-NMR (CD30D, 270 MHz) 6 (ppm) 7.16 (4H, m), 4.67 (2H, m), 4.56 (2H, m), 4.51 (1H, m), 4.39 (1H, m), 4.03 
35 (1H, m). 3.19 (2H, m). 3.01 (2H. m), 2.48 (2H. m), 2.35 (1H, m). 1.99 (1H. m). 1.96 (3H. s), 1.86 (2H.m), 1.51 
(3H, m). 
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Example 8 

(R*)-N-[[2-[N-(3-Mercaptopropyl)-N-inethyl-L-valylH ,2,3,4-tetrahydro-3-lsoqulnoliny1]carfaonyll-L-me- 
thionlne. 

5 



10 



15 



20 




25 

A. (R>N-[[2-IN-[(9H-Fluoren-»-ylnfWthoxy)carbonyl>N-methy1-L-vaIyll-1,2,3,^^^ 
ltny1]cart>onyl]-L-inethionlne, methyl ester. 

Compound 1 A (2.0 g, 4.733 mmol). was N-deprotected using the procedure described in the preparation 
30 of Compound 7A. The resulting amine hydrochloride was dissolved in CH2CI2 (20 mL) and cooled to 0*C. Fmoc- 
N-methyl-L-valine (1.67 g; 4.733 mmol), bis-(2-oxo-3-oxazolidinyl)ph08phinic chloride (2.41 g, 9.467 mmol) 
and N,N-diisopropylethylamine (2.45 g. 3.3 mU 18.9 mmol) were added. The reaction mixture was stinred for 
4 hours at 0**C. The reaction mixture was concentrated and chromatographed (silica gel, eluting with 40% ethyl 
acetate, 60% hexane) to yield Compound A as a white glass (2.4g, 78%). 

35 

B. (R>N-[[2-IN-I3-[(Triphenylmethyl)thlo]propyl]-N.methy|.L.valylH,2,3^tetrahydr 
nyl]carbonyl]-L-methionlne, methyl ester. 

Compound A (1 .20 g, 2.309 mmol) was stirred in acetonitrile (30 mL) and diethylamine (2.4 mL) for 1 hour 
40 at room temperature. The mixture was concentrated, dissolved in methylene chloride (50 mL), and then con- 
centrated again. This latter procedure was repeated seven times to yield the amine as a dear glass. This amine 
was converted to the hydrochloride salt with 4N HQ In dioxane (10 mL). The resulting solution was concen- 
trated, dissolved in methylene chloride (50 mL). and then concentrated again. This latter procedure was re- 
peated three times to yield the amine hydrochloride as a dear glass/oil mixture. This product and Compound 
45 6B (1.33 g, 4.018 mnnol), were dissolved in methanol (35 mL) and glacial acetic acid (0.6 mL) at room temper- 
ature. Sodium cyanoborohydride (253 mg, 4.018 moral) was added portionwise over 1 hour. The reaction mix- 
ture was stirred for 16 houre. The mixture was cooled to 0*C and saturated NaHCOa (50 mL) was slowly added. 
The product was then extracted into ethyl acetate (100 mL). The ethyl acetate layer was washed with water 
(100 mL) and brine (50 mL). dried (MgSO^). concentrated and chromatographed (silica gel. eluting with 95% 
so methylene chloride, 5% methanol). Fractions containing the desired compound were collected and concentrat- 
ed to yield Compound B as a dear oil (1.4 g. 52%). 

C. (R*)-N.[I2-[N-(3-Mercapt propyl)-N-methyl-L.valyll-1^,3r4-tetrahydro-3-l qulnolinyl]carbonyl]-L- 
methionlne. 

55 

Comp und C (60% yield) was prepared from Compound B (1 .3 g. 1 .73 mmol) using the procedure descri- 
bed for the preparation of Compound 1H from Compound 1G. 
mp 85-86 ?C 
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[a]D25 = -31.9 " (c=0.7, methanol) 
MS: (M+Hr 496* 
Elemental Analysis: 

Calc'd: C, 49.38; H, 6.17; N. 6.59; F, 9.84; 
Found: C. 49.50; H, 6.39; N. 6.41; F, 9.70. 

iH-NMR (CD30D, 270 MHz) 6 (ppm) 7.21 (4H, m). 4.87 (2H. m), 4.55 {2H. m). 3.24 (2H. m). 3.06 (2H/m). 2.48 
(2H, m). 2.32 (1H. m). 2.07 (1H. m), 1.98 (3H. s), 1.88 (3H, m), 1.22 (3H. d. J=7.03H2). 0.95 (3H, d. J=6.45Hz). 

Example 9 

(R*,R*)-N-[[2-P-[(3-Mercaptopropyl)amlnol-3-methylbutyn-1,2,3,4-tetrahydro-3-i8oqulnolln 
ny1>L-methlonlne. 




A. (R>N-tI2-[2-II3-[(Triphonylmethyl)thloJpropy^amino^3-methy1butyll-1,2,3Atetrahydro-3.lsoqu 
nollnyl]carbonyl]-L-mfithlonin6, methyl ester. 

Compound A (1 .7 g, 54%) was prepared from Compound 5C (2.00 g. 3.95 mmol) using the two step pro- 
cedure described for the preparation of compound 7B from Compound 7A. with the exception that in the second 
step only 1 .1 equivalents (4.34 nrunol) of Compound 6B and 1 .1 equivalents (4.34 mrncA) of sodium cyanobor- 
ohydride were used. 

B. (R^R>N-|I2-[2-[(3-Me^captopropyl)amlnol-3-methylbutyl^1,2.3,4-tet^ahydro-3-lsoquinollnyl]ca^^ 
bonyl]-L-methlonlne. 

Compound B (70% yield) was prepared from Compound A (1.6 g. 2^1 mmol) using the procedure descri- 
bed for the preparation of Compound 1 H from Compound 1G. 
mp 68-69''C 

[q]^2s = .i9.2o (c=0.6, methanol) 
MS: (M+H)M68* 



Elemental Analysis: 


Calcd: 
Found: 


C. 49.40; 
C. 49.40; 


H. 6.25; 
H, 6.50; 


N. 6.78; 
N, 6.60: 


R 11.49; 
F. 11.33. 



iH-NMR (CD3OD, 270 MHz) 6 (ppm) 7.18 (4H. m), 4.64 (1H, m). 4.04 (2H. m). 3.84 (1H. m). 3.25 (2H. m), 3,12 
(2H. m), 2.77 {2H. m). 2.67 (2H, m), 2.54 (2H, m), 2.18 (1 H, m). 2.08 (3H, s). 2.02 (4H, m). 1 .03 (3H.d, J=6,45Hz), 
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0.95 (3H, d. J=7.03H2). 
Example 10 

(R*>,N«{[2-[N-(3-Mercaptopropy1)-L-prolyl^1,2,3,4-tetrahydi^3-lsoqulnolinyll^^ 



A. (R>N-[[2-[N-[(1,1-DliTWthylethoxy)carbonyl]-L-prolyl]-1^,3^tetrahydro-3^ 
L-methlonine, methyl ester. 

Compound A (1 .2 g, 49%) was prepared from Compound 1 A (2.0 g, 4.73 mmol) using the two step proce- 
dure described for the preparation of Compound 8A from Compound 1 A, except that in the second step t-bu* 
tyloxycarbonyt-L-proline (2.04 g. 9.46 mnrwl) was used instead of Fmoc-N-methyi-L-valine. 

B. (R>N-[[2-[N-[3-[(Triphenylmethyl)thlo]propylK-prolylK1,2,3,4-tetrahydro-3-l8oqulnonny^ 
nyl]-L-methlonlne, methyl ester. 

Compound B (clear oil, 1 .5 g. 89%) was prepared from Compound A (1 .20 g, 2.31 mmol) using the proce- 
dure described for the preparation of Compound 7B from Compound 7A. 

C. (R>N-[[2-[N-(3-ltorcaptopropy1)-L-proly1>1,2,3,4-tetrahydro-3-lsoqulnolinyl]carfeon 
nine. 

Compound C (70% yield) was prepared from Compound B (1.5 g, 2.04 mmol) using the procedure descri- 
bed for the preparation of Compound 1H from Compound 1G. 
mp 54-55 «C 

[aio25 = .50.0 <'(c=0.7, methanol) 
MS: (M+H)*480* 
Elemental Analysis: 

Calc'd: C. 48.75; H, 5.75; N. 6.74; F, 10.51; 
Found: C. 48.63; H. 5.92; N. 6.65; F, 10.66. 

1H-NMR (CD3OD. 270 MHz) 6 (ppm) 7.18 (4H, m), 4.67 (2H, m). 4.53 {2H, m). 4.41 (1 H. m), 4.30 (1H, m), 3.72 
(1H. m), 3.24 (4H. m), 2.70 (1H. m), 2.46 (2H, m), 2.34 (1H. m). 2.11 {2H, m). 1.98 (2H. m), 1.96 (3H,s), 1.87 
(4H, m). 
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Example 11 



(R*).N-I[2-[N-(2-Mercaptoethyl)-L-vatyl]«1,2,3Atetrahydro-3-teoquinollnyl>carbonyll-L- 



A. 2-[(Triphenylmethyt)thlo]-N-inethoxy-N-methy1acQtamlde. 

Compound A (6.0 g. 76%) was prepared using the procedure described for the preparation of Compound 
6A. except that triphenylmethyithioacetic acid (7.0 g, 20.96 mnrK)l) was used in place of S-(triphenylmethyl)- 
3-mercaptopropionic acid. 

B. [(Tripheny<inethy1)thlo]acetaldehyde. 

Compound B was prepared from Compound A (2.0 g. 5.3 mmol) in quantitative yield using the procedure 
described for the preparation of Compound 68 from Compound 6A. 

C. (R>N-[p-IN-t2-((Triphenylmethyl)thlo]ethyl^L.valyl^1.2p3,4-tet^ahydro-3-l8oqulnollnyl]carbo 
L-methlonine, methyl ester. 

Compound C (490 mg, 12.8%) was prepared from Compound B (5.3 mmol) and Compound 1C (2.8 g, 5.3 
mmol) using the procedure described for the preparation of Compound 6C from Compound 6B. 

D. (R>N-[P-[N-(2-Mercaptoethyl)-L-vafyll-1,2,3Atetrahydro-3-l8oquinollnyncartoonyl>L-methl^ 

Compound D (white powder. 50% yield) was prepared from Compound C (490 mg. 0.68 mmol) using the 
procedure described for the preparetioa of Compound 6D from Compound 6C. 
mp 94.96''C 

[ajpss = . 36.7<» (c=0.81, methanol) 
MS: (M+H)* 468*. 
Elemental Analysis: 

Calc'd: C, 48.38; H, 5.87; N, 7.05; F. 9.57; 
Found: C, 48.39; H. 6.09; N, 7.14; F. 9.60. 

iH.NMR(CD30D. 270 MH2)6 (ppm) 7.19 (4H, m), 4.58 (4H, m). 3.07 (2H, m), 2.65 (2H, m). 2.47 (1H. m). 2.29 
(1H. m). 2.08 (1H, m). 1.97 (3H. s). 1.90 (2H. m), 1.07 (6H, m). 
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Example 12 

(R>N-[I2-[N-(3-l>teroapto-1-oxopropyl)-L-valyl]-1,2,3Atetrahydro-3-l8oquinollnyllcart 
thionine, methyl ester. 



10 



15 




20 

Triethylsilane (223 mg, 306 mL, 1.9 mmol) in 10 mL CH2CI2 and trifluoroacetic acid (10 mL) were added 
dropwise, ajternatingly, to a solution of Compound 4A (480 mg. 0.64 mmol) in 5 mL CH2CI2. The reaction was 
stirred under nitrogen at room temperature for 40 minutes, then concentrated in vacuo. The residue was tri- 
turated with ether/pentane, and the precipitate was collected, washed with nnore ether and pentane, and then 

25 extracted into CH3Ch4/0.5% trifluoroacetic acid. This solution was diluted with H2O/0.5% trifluoroacetic acid, 
and lyophilized to give 250 mg (0.5 mnrKil. 77%) crude ester as a white solid. Purification by reverse phase 
HPLC (35 to 90% solvent B in solvent Aover 100 minutes: solvent A, 0.05% trifluoroacetic acid in H2O; solvent 
B, 0.05% trifluoroacetic acid in CH3CN) gave 105 mg (0.21 mmol, 32%) pure title Compound as an amorphous 
white powder. 

30 FAB-MS: 510 MKT. 508 MH". 

1H NMR: 6 7.3-7.4 (m), 4.8-5.2 (m), 3.83 (s), 3.77(s),3.2-3.7 (m), 2.5-2.9 (m), 2.2 (s), 2.1 (s), 1,2 (m). 
Calculated for C2iH36N305S2 H20: 
Theory: C 54.66; H 7.06; N 7.97; S 12.16; 
Found: C 54.79; H 6.64; N 7.84; S 11.91. 

35 

Example 13 

^R^S>2■[N-(2■Amlno■3■mercaptopropy^)^L■valyl^1,2,3Atet^ahyd^o■N^[3-(methylthlo)p^opyll-3-lso- 
qulnollnecarboxamlde. 



45 



so 




55 A. (S)-2-[(1.1-Dimethylethoxy)carto nyl]-1,2,3,4-tetrahydro-N-t3-(methylthi )propyl]*3-l oquin llne- 
cart>oxamlde. 

T a nitrogen-flushed, ice-cooled suspension of N-t-butyl xycarbonyi-L-(1.2.3.4-tetrahydro)isoquinoline- 
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3-carboxylate (3.0 g. 10.8 mmol) and (3-methy1thk>)propytamine (1.13 g, 10.8 mmole) in 40:13 CHaaa/N-me- 
thytpyrolidinone. was added N.N-diisopropytethytamine (1.85 mU 10.8 mmol) and N-hydroxybenzotriazole 
(1.46 g, 10.8 mmol). After five minutes of stirring at O^'C, 1 -(3-d i methyl ami no propyl)- 3-ethylcart)odiimtde hy- 
drochloride (2.07 g. 1 0.8 mmol) was added. Within one hour, a dear solution was obtained. The reaction mixture 
5 was allowed to come slowly to room temperature and stirred overnight. The solution was washed successively 
with saturated NaQ, citric acid, saturated NaHCOg. and saturated NaCI, dried over MgS04, and concentrated 
in vacuo. The resulting residue was dissolved in CHCI3 and washed several times with saturated NaCI. The 
organic layer was dried over MgS04. and concentrated in vacuo io give Compound A (3.91 g, 10.2 mnrKJl, 94%) 
as a colorless oil. 

10 

B. (R>2-[N-[(1J-Dlmethylethoxy)cartonyl]-L-valyll-1,2,3,4.tetrahydro-N-p-(methylthio)propy^ 
isoquinollnecarboxamlde. 

Compound A (1 0.2 mnnol) was stirred under nitrogen in 40 mL 1 :1 trif luoroacetic acid CH2CI2 for one hour. 

IS The solution was concentrated in vacuo. CH2CI2 was added and the solution was concentrated again; this latter 
procedure was repeated twice nrore. The residue was dissolved in CH2CI2. treated with N.N-diisopropylethy- 
lamine (1.77 mL. 10.2 mnrwl), and added to an Ice-cooled, nitrogen-flushed (ca. 20 minutes) reaction mixture 
of N-t-butyloxycarbonyl-L-valine (4.42 g, 20.4 mmol), bis(2-oxo-3-oxazolldinyi)phosphinic chloride (5.19 g, 
20.4 mol). and N,N-diisopropylethylamine (3.55 mU 20.4 mmd) in CH2a2. The pH was adjusted to 6 by addition 

20 of another 0.9 mLN.N-diisopropylethylamlne. and the reaction placed under nitrogen In a 4*C cold room over- 
night. The solution was washed successively with saturated NaCI. 50 mM KHSO4, saturated NaHCOa and satu- 
rated NaCI. The organic layer was dried over MgS04, and concentrated in vacuo to an oily residue. Flash chro- 
matogrpahy on a 5 x 12 silica column, eluting with 12.5% to 50% ethyl acetate in hexane. gave Compound B 
(1.9 g. 4.1 mmol). 

25 

C. (R^S>2-[N.[2-[[(1,1-Dln^wthylethoxy)ca^bonyl]amino]-3-[(tripherlylmethyl)thlolp^^^^ 
1,2p3,4-tetrahydro-N-[3-(methy1thlo)propyl]-3-l8oqulnollnecarboxamlde. 

A nitrogen-flushed solution of Compound B (0.93 g, 2.0 mmol) and methylsulf ide (1 .5 mL. 20 mmol) in 20 
30 mL 1:1 trifluoroacetic acid-CH2Cl2 was stirred at O^C for one hour. The mixture was concentrated in vacuo, 
dissolved in CH2CI2, and concentrated in vacuo again. This latter procedure was repeated several times until 
the CH2CI2 solution was pH 4. This was concentrated a final time, combined with Compound 1F in anhydrous 
methanol under nitrogen, and brought to pH 7 by dropwise addition of N.N-diisopropylethylamine. Solid 
NaBHaCN (160 mg, 2.8 mmol) was added in portions, and the reaction was allowed to proceed at room tem- 
35 perature overnight. The pH was readjusted from 9 to 6 with 4 drops of glacial acetic acid, and the reaction 
mixture stirred an additonal 1.5 hours. The mixture was concentrated in vacuo. The residue was cooled on 
ice, and partitioned between cold ethyl acetate and saturated NaHCOs. The organic phase was washed with 
saturated NaCI, dried over MgS04, and conentrated in vacuo. The residue was purified on a flash column of 
2 X 18 cm silica, eluting with 25%. then 40%. ethyl acetate in hexane, to provide 625 mg (0.79 mnrwl. 40%) 
40 Compound C. 

D. (R*,S>2-IN^2-Amlno-3.mercaptopropyl)-L-vaIyll-1,2,3Atetrahydro-N-[3.(inet^^ 
Isoquinollnecarboxafnide. 

45 To a nitrogen-flushed solution of Compound C (0.79 mnrwl) in 5 mL CH2CI2 were added, dropwise and al- 
ternatingly, trifluoroacetic acid (15 mL) and triethylsilane (lOmL). The reaction mixture was stirred at room 
temperature for 3 houre. concentrated in vacuo, and triturated with ether and pentane to give a solid residue. 
This solid was collected, washed several times with ether and pentane. and then extracted into glacial acetic 
acid. The add solution was lyophilized to give a dark oily residue. This residue was dissolved in 50:50 

so CH3CN/0.5% trifluoroacetic acid-H2O/0.5% trifluoroacetic acid, f i Itered through Norit to remove the dark color, 
and then purified on preparative HPLC, eluting with a gradient of 20% to 50% B in A (A is 0.05% trifluoroacetic 
acid in H2O; B is 0.05% trifluoroacetic ackJ in CH3CN). Ly philization of the product-containing fractions gave 
27 mg (0.06 mnfX)l, 8%) of titi Compound as a white airwrph us powder. 
FAB MS: MH* 453. 

55 iH NMR (CD3OD): 6 7.0-7.2 (m). 4.5-4.9 (m). 3.9 (d). 3.7 (d), 2.9-3.5 (m). 2.6-2.9 (m). 2.3 (dt). 1.9-2.2 (m). 1.6 
(m). 1.4-1.5 (m). 0.9-1.1 (dd). 

Calculated for C22H35N402Sr 1.95 triflu roacetic actd-2.10 H2O: 
Theory: C, 43.70; H. 5.83; N. 7.87; S, 9.01; F. 15.61. 
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Found: C, 43.67; H, 5.52; N, 7.55; S. 8.67; F, 15.83. 
Example 14 

5 (R>2-[N-(3-Mercaptopropyl)-L-valyll-1>2,3,4-tetrahydro-N-[3-(methylthio)propyl]-3-l^ 
boxamide. 



10 



15 



20 




SMe 



A. (R*)-2-[N-[3-[(Triphonylmethyl)thlo]propyl]-L.valyil-1,2,3,4-tetrahydro.N-[3-(methylthlo)pro 
Isoqulnollnecarboxamlde. 

25 

A nitrogen-flushed solution of Connpound 1 3B (0.95 g. 1 mnwl). trif luoroacetic acid (1 0 mL), and methyl 
sulfide (1 .5 mU 20 mmol) in 10 mL CH2CI2 was stirred for 1 hour at 0°C. and then concentrated in vacuo. The 
residue was dissolved in CH2CI2 concentrated (this process was repeated four times). The amine salt was 
then dissolved along with Compound 6B in a 15:1 tetrahydrofuran-methanol mixture. The pH was adjusted to 

30 7 with N.N-diisopropylethylamine, and solid NaBHaCN (1 60 mg, 2.8 mmole) was added in portions over several 
minutes. The reaction was stirred at room temperature overnight, at which time the pM was adjusted down to 
6 with a few drops of acetic acid. Additional NaBHaCN (80 mg, 1 .4 mmol) was added, and the reaction stirred 
for an addional 24 hours. The mixture was cooled to 0**C and quenched by addition of ethyl acetate and NaH- 
CO3. The phases were separated, and the organic phase washed with saturated NaO, dried over MgS04. and 

35 concentrated in vacuo. The residue was applied purified on a 2 x 20 cm flash column of silica. Elution with 
25% then 40% ethyl acetate in hexane gave 385 mg (0.55 mmol, 28%) Compound A. 

B. (R>2-[N-(3-lktercaptopropy1)-L-va]y1]-1,2,3A-tetrahydro-N-I3-(methylthlo)prop^^^ 
carboxamlde. 

40 

Compound A was stirred at 0°C under nitrogen in a solution of 95:3:1:1 trifluoroacetic acid-thioanisole- 
methyl sulfide-ethanedithiol (50 mL) for three hours. The volatiles were removed in vacuo, and the residue 
was analyzed by HPLC; significant amounts of starting material remained. The treatment with 95:3:1 :1 trifluor- 
oacetic actd-thioanisole-methyl sulf ide-ethanedithiol (50 mL) was repeated at room temperature for two hours. 
45 The mixture was concentrated in vacuo, and the residue was purified by preparative HPLC(C-1 8). Elution with 
a gradient of 20 to 50% solvent B in solvent A, and lyophilization of the product-containing fractions (solvent 
A is 0.05% trifluoroacetic acid in H2O; solvent B is 0.05% trifluoroacetic acid in CH3CN) gave title Compound 
(63.6mg, 0.15 mmol. 27%) as a fluffy white amorphous powder. 
FAB MS: MH*438. 

50 iH NMR (CD3OD): 6 7.0-7.3 (m). 4.5-4.9 (m), 4.15 (d), 2.8-3.4 (m), 2.1-2.5 (m), 1.7-2.1 (m), 1.601.7 (m) 1.4- 
1.5 (m). 0.9-1.1 (dd). 
[a)»o (methanol) -27.8^ 
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Calculated for C22H34N302S2 trifluoroacetic acid -^120: 


Theory: 
Found: 


C, 50.69; 
C, 50.67; 


H, 6.56; 
H, 6.60; 


N. 7.39; 
N, 6.96; 


S, 11.28; 
S. 11.61; 


F, 10.02; 
F, 10.03. 



Example 15 

to (R>N-[I2-[N-(L-Cy8telny1>-L-valyll-1,2,3,4-tetrahydro-3-l8oqulnollnyl]cartoonyll-L-al^ 



15 



20 




25 

The protected peptide intermediate was assembled stepwise by the solid phase method in the Applied Bio- 
systems Model 430A Peptide Synthesizer using the N-methylpyrrolidone(NMP)HOBtf-Boc chemistry program 
supplied with the instrument Butyloxycartwnyi-L-Ala-PAM resin (0.5 g, 0.23 mnrwl) was obtained commercially. 
Amino acids were coupled as their N-t-buty1oxycartx)nyl derivatives, and the reactive side chain of cysteine was 

30 protected with p-methoxybenzyl. N-t-Butyloxycarbonyl groups were renrroved at each cyde with successive 1 0 min- 
ute treatments of 33% and 50% trif luoroaoetic add in CHjaj. Neutralization of the a-amino groups was accom- 
plished with 10% N.N-diisopropylethylamine in CH2CI2. Each amino acid was coupled with DDC/HOBT in 
NMP/CH2a2 matures at room temperature. Any remaining free amino groups were acetylated with 1 0% acetic 
anhydride/5% N.N-diisopropylethylamine In CHjaj for 1 0 minutes. After the final coupling, the N-t-butyloxy- 

35 carbonyl group was removed as described above. The dried, protected peptidyl-resin weighed 584 mg (93%). 
The entire product from above was simultaneously deprotected and deaved from the resin by treatment 
with anhydrous liquid HF as follows: the peptidyl-resin (584mg) was placed into a Kel-F HF reaction vessel 
with a stir bar. and treated with 0.75 mL thioanisole, 0.25 mL ethanedithiol, and 0.25 mL methyl sulfide. The 
vessel was evacuated in the HF apparatus and cooled in a dry ice/ethanol bath. Approxin^tely 10 mL HF was 

40 distilled from a cylinder into the reaction vessel, and the dry ice bath was replaced with an ice water bath. The 
reaction was stirred at 4**C for 1 .5 hours, and then HF was removed under vacuum for 30 minutes. The product 
was precipitated and washed with ether, and then dissolved in 15% aqueous acetic acid and separated from 
the resin by filtration. The filtrate was frozen on dry ice and lyophilized to yield 103 nng crude peptide product. 
Sample aliquots (10 nr>g) were applied to a YMC ODS-AQ Cie column (10 x 250 mm. 5 m). and reverse phase 

45 HPLC was performed under the following conditions: Solvent A. 0.05% trifluoroacetic add in water; Solvent 
B. 0.05% trifluoroacetic acid in CH3CN: linear gradient from 1 0 to 50% solvent B in solvent A over 40 min; flow 
rate: 8 mL/min. Fractions containing the major peak (220 nm) eluting at 30.2 min were combined and lyophilized 
to yield 7 mg of title Compound as a white, fluffy powder. 

Analytical HPLC: YMC ODS-AQ de (4.6 x 250 rron); 220 nm. 1 .0 mL/min: linear gradient from 5% to 60% sol- 
50 vent B in sokent A over 40min (solvent A 0.05% trifluoroacetic acid in water; solvent B. 0.05% trifluoroacetic 
acid in CH3CN). RT,21.7 min. 
H.I.; >98%. 
MS: 451* (M+H)*. 

iH NMR(CD30D, 270 MHz) 6 (ppm) 7.12 (m. Ar-H). 5.60-5.90 (m), 4.22 (m), 3.95 (m). 3.08 (J= 5.9 Hz). 2.07 
55 (J= 11.1 Hz). 1.86 (J= 16.4 Hz). 1.27 (J= 7.0 Hz). 1.17 ( J= 7.0 Hz), 1.06 (J= 7.6 Hz), 1.00 (J= 6.0 Hz). 0.94 
(J= 6.5 Hz). 
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Example 16 

(R*,R>N-[I2-[N-(2-AiTilno-4-hydroxy*1-oxobuty1)-L-valyll-1^,3,4-tetrahydro-3-l8oquino 
L-methlonlno. 



10 



IS 




The title Compound (6 mg; white, fluffy powder) was prepared using the solid phase method described in 
Example 15. with the following modifications: 

N-t-Butyloxycarbonyl-L-Met-PAM resin (0.59 g, 0.25 mmol) was obtained commercially. The reactive 
side chain of homoserine was protected as a benzyl ether. 
25 MS: (M+Hr 509*- 

iH NMR (CD3OD. 270 MHz): 5 (ppm) 7.52 (m), 7.24 (m), 5.14 (m), 5.02 (m). 5.06 (m), 5.09 (m), 4.7 (m), 4.5 
(m), 3.78 (m). 3.64 (m). 3.19 (m), 2.72 (m), 2.39 (m), 1.92 (m). 1.12 (m). 1.03 (m). 
Rotamers observed. 

30 Example 17 

(R*,R*)-2-[N-(L-Cyateinyl)-L-valyll-1^,3>4-tetrahydrD-N-[1-(hydroxymethyl)-3-(methytthlo)pro^^^ 
Isoqulnollnecarfaoxamlde. 



40 



45 




50 The title Compound (5.5 mg; glassy solid) was prepared using the solid phase method described in Ex- 
ample 15, with the following modifications: 

N-t-Butyloxycart) nyl-L-Met-PAM resin (1.0 g. 0.42 mnwl) was obtained conrvnerciaily. 
The tetrapeptide product was cleaved from the resin by treatment with LiBKU. Asduti n of UBH4 (26 mg. 
1.30 nrtmol) in 5 mL of anhydrous tetrahydrofuran was added dropwis in 4 portions ver 1 hour to 0.788 g 
55 (0.26 mmol) of tetrapeptide-resin suspended in 30 mL anhydrous tetrahydrofuran at 0*'C. The mati*» 

warmed t room temperature and stirred fori hour. The reacti n was quench dbyth addition of giaoai Mtc 
acid (4 X 1 mL). Additi nal glacial acetic acid (5 mL) was added, fdlowed by 15% aqueous acetic acid (IO mL). 
The product was separated from th resin by filtration and successively washed with glacial acetic eod. 1 5% 
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acetic acid, and H2O. The filtrate was lyophilized to yield the crude protected peptide alcohol as a glassy solid. 
The protected peptide alcohol was suspended in 1 5 mLof CH2CI2 and treated with 1.5 mLthioanisole, 0.5 
mL ethanedithiol. 0.5 mL methyl sulfide and 19 mL trifluoroacetic acid at room temperature. The mixture was 
stirred at room temperature for 2 hours, and then concentrated In vacuo. The residue was washed with diethyl 
5 ether and decanted (4x15 mL). This residue was dissolved in glacial acetic acid (2 mL) and 15% acetic acid 
(45 mL), and then lyophilized. The lyophllate (20 mg) was purified by reverse phase HPLC as described in 
Example 15 to yield 5.5 mg of the title compound. 
MS: (M+H)M9r. 

NMR (400MHz, d6 DMSO. 30X): 8 (ppm) 8.70 (m. exchangeable), 8.13 ( br s, exch), 7.50 (m. exch.), 7.17 
10 ( m, 5H, Ar-H). 6.49 (br s. exch, CONH), 4.50-5.15 (m, a-H's), 4.15 (br, exch), 3.69 (br. exch), 3.01 (d. J=6.4 
Hz). 2.75-2.95 (m), 2.32 (m). 2.16 (m), 1.99 (s), 1.77 (m), 1.50 (m). 1.24 (s). 1.02 d. J=6.84 Hz), 0.96 ( d, J=6.4 
Hz). 

Example 18 

15 

(R*>-N*n2-[N-(L-Cystelnyl)-L-valyl]-1,2,3,4-tetrahydro-3-teoqulnolinyllcarfaonyll-L-phenyla^ 



20 



25 




35 

A. (R>2-(N-I(1.1-Dlmethyiethoxy)carbonyl]-L.valylJ-1.2,3At8trahydro-3-i8oqulnolinecaft^^^ acid, 
phenylmethyl ester. 

Benzyl (S)-1.2,3,4-tetrahydroisoquinoline-3-carboxylate (S)-mandelic acid salt [as prepared in B.O.T. 

40 Kammermeier. et al., Synthesis. 1157 (1992)] (80g, 0.19 mole) was partitioned between 2L of ethyl acetate 
and 1 L of 0.9 M sodium bicarbonate. The organic layer was dried (magnesium sulfate) and evaporated to an 
oil. The oil was dissolved in 600 mL of dichloromethane, and the solution was chilled to 5'*C under nitrogen. 
The cold solution was treated sequentially with N-t-butyloxycarbonyt-L-valine (46 g. 0.21 nrwle). N,N-diisopro- 
pylethylamine (60 mL. 44.5 g, 0.35 mole), and bis(2-oxo-3-oxazoiidlnyl)phosphinic chloride (58.3 g. 0.23 mole), 

45 while chilling back to 5'C after each addition. The mixture was stirred overnight at 5'C to give a thin slurry. 
The mixture was poured Into 2 L of ethyl acetate and washed sequentially with 1.5 L of hydrochloric acid, 1 L 
of water, 1 .5 L of 1 N sodium bicarbonate and 1 L of brine. A second 1 L ethyl acetate extraction of the aqueous 
solutions was combined with the first A third extract contained predominantly a more polar material and was 
not combined. The product-containing extracts were combined and evaporated to an oil. Pumping in vacuo to 

50 constant weight gave 82.3 g (93% yield) of the product as a thick colorless oil which partially solidified on stand- 
ing. 

B. (R*)-2-L-Valy1-1»2^^t trahydro-3-isoquln line arboxyllc acid, phenylmethyl ester. 

55 A soluti n of Compound A (7.94 g. 0.017 m I) in 1M HQ in acetic acid (34 mL) was stirred for 2 hours at 

room temperature. Additional 1 M HQ in acetic acid (23.5 mL) was added. The reaction was stirred for another 
1 .5 hours and the solvents were removed in vacuo. Ethyl acetate was added and the reaction was concentrat d 
in vacuo. Th reskju was triturated with hexane and dried in vacu to give Compound B (6.26 g, 99%). 
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mp: 80-83°C 

TLC: Rf = 0.65 (9:1:0.05 chloroform/methanol/acetic acid» visualized by eerie aminonium sulfate) 
MS: (M+H)* 367. 

5 C. (R>2-[N-[N-[(1.1-Dlmethylothoxy)carbonyll-S-(triphenylmothyl)-L-cy8teinyl]-L-val^ 
hydro-3-l8oqulnollnecart>oxyllc acid, phenytmethyl ester. 

To a solution of N-t-butyloxycarbonyl-S-trityi-L-cysteine (7.78 g, 16.8 mmol) in dimethyiformamide (80 mL) 
atO^'C under N2 was added benzotriazol-1-yloxy-tris(dimethylaniino)phosphonium hexafluorophosphate (7.42 

10 g, 16.8 mnrK>l) and N,N-diisopropylethyl amine (2.92 mU 16.8 mnool). After stirring for 30 minutes, Compound 
B (6.96 g, 16.8 mmol, 1 eq) and N.N-diisopropylethylamine (2.92 mL, 16.9 mmol) were added. After stirring 
for 16 hours at O"". the reaction was diluted with ethyl acetate (500 mL) and washed sequentially with saturated 
sodium bicarbonate (100 mL) and 10% lithium chloride (4 x 100 mL). The organic layer was dried over sodium 
sulfate, filtered and concentrated in vacuo. The residue was purified on silica gel (400 mL, eluting with 1:4 to 

IS 3:7 ethyl actetate/hexane) to give Compound C (10.46 g, 77%). mp: 85-87''C TLC: R, = 0.40 (2:1 hexane/ethyl 
acetate, visualized by eerie ammonium sulfate). 

D. (R>2-[N-[N-[(1,1-Dlmethylethoxy)cartonyl]-S-(trlphenylmethyl)-L-cy8telnyl]-L-valylJ-1,2,3,4^ 
hydro-S-lsoqulnollnecarboxyllc acid. 

20 

To a solution of Compound C (8.61 g, 1 0.6 mnwl) in tetrahydrof uran/methanol (40 mL 3: 1 ) at 0*C was added 
1N lithium hydroxide (15.9 mL, 15.9 mnDol). After stirring 1 hour at 0*»C and 1 hour at room temperature, the 
reaction was diluted with water (20 mL) and IN hydrochloric acid was added (pH=2), The reaction was ex- 
tracted with ethyl acetate (2 x 100 mL). The organic layers were combined, dried over sodium sulfate, filtered 
25 and concentrated in vacuo to give Compound D (8.54 g. 73% by HPLC). 
MS: (M-H)- 720. 

iH NMR 400 MHz (CD3OD) : 0.89 (d, 3H, J=5.86), 1.00 (d. 3H, J=5.86). 1.45 (s, 9H), 2.03 (m. 1H), 2.22 (m, 
1H), 2.61 (m. 1H). 2.92 (m 1H). 3.14 (m, 1H), 3.93 (m, 1H), 4.62-5.41 (m. 4H), 7.27 (m. 19H). ^^C NMR 100 
MHz(CD30D): 17.4, 19.0, 28.0. 30.2, 31.0, 33.6, 45.5. 51.5, 54.1, 64.6, 66.5. 79.8, 126.0, 126.6. 126.8, 126.9, 
30 127.2, 127.8. 128.2, 129.3. 131.4. 131.8. 140.6, 144.1, 154.9, 170.5, 171.7. 173.6. 

E. (R>N-[I2-(N.[N-[(1J-Dln^wthyIethoxy)carbonylJ-S-(triphenylm•thyl)-L-cy8telnyl^L-valy^^ 
tetrahydro-3-i8oqulnollnyl]carbonyl]-L-phenylalanlne, methyl ester. 

35 To a solution of Compound D (573 mg, 0.70 mmol. 88% by weight) in dimethylfonnamide (3 mL) at 0°C 
under N2 was added L-phenylaianine methyl ester (181 mg, 0.84 mmol). N-methylmorpholine (184 mL. 1.68 
mmol) and benzotriazol-1-yloxy-tris(dlmethylamino)phosphonium hexafluorophosphate (371 mg, 0.84 mmol). 
After stirring at OX for 16 hours, the reaction was diluted with ethyt acetate (100 mL) and washed sequentially 
with saturated sodium bicarbonate (30 mL), 1% potassium hydrogen sulfate (30 mL) and 10% lithium chloride 

40 (3 X 30 mL). The organic layer was dried over sodium sulfate, filtered and concentrated in vacuo. The residue 
was purified on Merck silica gel (100 mU eluting with 3:1 to 2:1 hexane/ethyl acetate) to give Compound E 
(458 nog. 76%). mp: 88-92*C TLC: R, = 0.15 (2:1 hexane/ethyl acetate, visualized by eerie amnwnium sulfate). 

F. (R*)-N-tP-tN-IN-H1,1-D!methylethoxy)carbonyI]-S-(triphenylmethyl)-L-cy8telnylJ.L-v^ 
45 tetrahydro-3*lsoquinollnyl]carbonyl]-L-phenytalanlne. 

To a solution of Compound E (376 mg. 0.426 mmol) in tetrahydrof uran (5 mL) at 0<*C was added 1 N sodium 
hydroxide (0.853 mU 0.853 mnwl). After stirring 3 hours, the reaction was diluted with ethyl acetate (100 mL) 
and water (50 mL) and the pH was adjusted with IN hydrochloric acid (pH is 2). The layers were separated 
50 and the aqueous layer was extracted with ethyt acetate (2 x 100 mL). The organic layers were combined, dried 
over sodium sulfate, filtered and concentrated in vacuo to give Compound F (0.354 g, 96%). 
mp: 125-129X 

TLC: Rf - 0.65 (9:1 :0.05 chlorofonn/methanol/acetic acid, visualized by eerie amm nium sulfate). 

55 . (R*).N-[[2-[N-(L-Cystelnyt)-L-valyl>1,2,3,4-tetrahydro-3-ls qulnollnyqcartonyl]-L-phenyl alanine. 

(All soh/ents used in Example 18G are degassed). T asoiuti n f Compound F (377 mg. 0.434 mnx)J) in 
dichloromethane (2 mL) at 0<'C under N2 was added triethylsilane (0.69 mL. 4.34 rrm I) and trifluoroacetic 
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acid (2 mL). After stirring for 2 hours at 0** and 1 hour at room temperature, the solvents were removed in vacuo. 
The residue was dissolved in methanol (5 mL), and water (3 mL) was added. The precipitate was filtered and 
half of the filtrate was purified by preparative HPLC (YMC ODS S-10, 30 x 500 mm, 21 mL/min. gradient of 
36-90% aqueous CH3OH. 0.1% trifluoroacetic acid) to give the title Compound (54 mg, 40%). 
5 mp: 137-142* 

TLC: Rf = 0.32 (4:1 :1 butanol/acetic acid/water, visualized by eerie ammonium sulfate) 

MS: (M+H)* 527. 

(alo = -9.9* [e=0.102. CH3OHI 

iH NMR 400 MHz (CD3OD): 0.096-1.74 (m, 6H), 2.06-2.20 (m, 2H), 2.88-3.42 (m. 6H), 4.07, 4.23 (dd, 1H, 
10 J=5.13. 5.55), 4.44-5.00 (m. 5H, also water peak). 7.06-7.26 (m, 9H). 

NMR 100 MHz {CD3OD): 18.3. 18.6. 19.7, 19.9, 26.5, 26.9. 31.4, 31.6, 31.7, 32.3, 37.6, 38.4. 44.0, 47.3. 
47.5, 54.9. 55.3, 55.5, 55.8. 56.0. 56.9. 57.0. 57.6. 1 27. 1 . 1 27.2, 1 27.6, 1 27.8, 1 27.9. 1 28.0. 1 28.8, 1 29.4. 1 30.4, 
130.5, 131.0, 132.9. 133.3. 134.8, 134.9. 138.0, 138.6, 168.4, 169.2, 171.5, 172.8, 173.1. 173.3, 174.2, 175.1. 

15 Example 19 

(R*>-N-[[2-(N-(L-Cyatelnyl)-L-valyll-1,2,3,4>tetrahydro-3-i8oqulnollnyncarbonyll>L-8erine. 




The title compound (137 mg, 37%; colorless solid) was prepared from L-serine methyl ester and Conrv 
35 pound 18D (574 mg) by a three step procedure analogous to that described for the preparation of Compound 
18G from Compound 18D. 
MS: 467 (M+H)*. 

Example 20 

40 

(R*)-N-[I2-[W-(L-Cyst9lnyl)-L-valyl>1,2,^,4-tetrahydro-3-isoqulnollnyncarbonyl]-N-hydroxy-L^^ 
ninamlde. 



45 



50 



55 
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A. O-Tetrahydropyran-2-yl-hydroxyl amine 

To a solution of N-hydroxyphthalimide (20 g, 0.2123 mol) in tetrahydrofuran (350 mL) was added dihyro- 
pyran (17.0 mL, 0.187 mo\) and p-toluene sulfonic acid monohydrate (400 mg) under N2 at room temperature. 

5 Additional dihydropyran (5.6 mU 0.062 nrK>l) was added after 8 hours and 24 hours. The reaction mixture was 
filtered and concentrated to 150 mL. Then dihydropyran (11.2 mL, 0.125 mol) and p-toluene sulfonic acid nrrono- 
hydrate (800 mg) was added. After stirring for 16 hours, the reaction was concentrated in vacuo. The residue 
was dissolved in ethyl acetate (400 mL) and washed with saturated sodium bicart)onate (3 x 150 mL). The or- 
ganic layer was dried over sodium sulfate, filtered and concentrated in vacuo. The residue was triturated with 

10 hexane (3 x 200 mL) to give the tetrahydropyranyl ether of N-hydroxyphthalimide (23.9 g, 78%), 
mp: >210'' 

TLC: R( = 0.81 (3:7 hexane/ethyl acetate, visualized by UV 254 mm) 
MS: (M+H)* 248. 

To a solution of the intermediate prepared above (23.64 g, 0.095 mol) in toluene (60 mL) was added methyl 
IS hydrazine (5.59 mL, 0.105 mol). After heating at 80* for 1 hour, the solvent was removed in vacuo. The residue 
was triturated with ether (20 mL) and f i Itered. The solid was dissolved in hexane, treated with charcoal, filtered 
through celite and concentrated to 50 mL. The cyrstals were filtered and dried.to give Compound A (5.542 g, 
50%). 
mp: 33-38** 

20 TLC: Rf = 0.67 (1 :4 hexane/ethyl acetate, visualized by eerie ammonium sulfate). 
MS:(M+H)*118. 

iH 400 MHz (CDCI3) : 1.53-1.78 (m, 6H), 3.57 (m, 1H), 3.91 (m, 1H), 4.71 (m, 1H), 5.49 (br s, 2H). '^C 100 
MHz (CDCI3) : 19.6, 25.3, 28.8. 62.5, 102.5 

25 B.(R>N-[[2-IN-[N-I(1,1-Dlmethylethoxy)cartoonyl]-S-(triphony1methyl)-l^cy8telnyl]-L-^^^ 
tetrahydro-3-l8oqulnollnyl]cart)onyl]-N-tetrahydropyran-2-yloxy-L-methlonlnamlde. 

To a solution of Compound 2B (400 mg, 0.469 mmol) in dimethylformamide (3 mL) at 0**C under Nj, was 
added sequentially Compound A (55 mg, 0.469 mmol), N.N-diisopropylethylamine (81 .5 mL, 0.469 mmol) and 
30 benzotriazol-1-yloxy-tris(dimethylamino)phosphonium hexaf luorophosphate (207 mg, 0.469 mmol). After stir- 
ring at O'^C for 1 8 hours, the reaction was diluted with ethyl acetate (70 mL) and washed sequentially with satu- 
rated sodium bicarbonate (30 mL), 1% KHSO4 (30 mL) and 10% lithium chloride (3 x 30 mL). The organic layer 
was dried over sodium sulfate, filtered and concentrated in vacuo to give Compound B (427 mg, 96%). 
mp: 113-115'»C 

35 TLC: Rf = 0.85 (9:1 :0.05 chtoroform/methanol/acetic acid, visualized by eerie antmonium sulfate). 
MS: (M+H)* 952. 

C. (R>N-[[2-[N-(I^Cy8tolnylVL-valyn-1,2,3,4-tetrahydro-3-i8oqulnollnyl]carbonyl]-N-hydroxy-^ 
thlonlnamlde. 

40 

Compound C (72 mg, 33%) was prepared from Compound B (323 mg, 0.340 mmol) using a procedure ana- 
logous to that described for the preparation of Compound 18G from Compound 18F. 
mp: 135-139X 

TLC: Rf = 0.17 (9:1:0.05 chloroform/methanol/acetie acid, visualized by eerie ammonium sulfate) 
45 MS:(M+H)*526. 

iH NMR 400 MHz (CD3OD): 1.06 (m, 6H). 1.99, 2.05 (s. 3H). 1.89-2.45 (m 5H), 2.90-3.18 (m, 4H), 4.00-5.20 
(m, 6H). 7.22 (b m, 4H). 
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Example 21 

(R>N-[[2-[N-(L-Cyateinyl)-L-valyll-1,2,3Atetrahydro-3-lsoquinollnyllcarfaonyll-3-(2 
nine. 

5 



10 



15 



20 




A. 3-(2-Th)enyl)-DL-alanlnep methyl ester. 

25 

Anhydrous HCt was bubbled in a slurry of R.S-a-annlno-2-thiophenepropionic acid (2 11 .68 mmo\) and 
methanol (75 mL) at 0*C until the solution became honr>ogeneous. The mixture was stirred for 1 6 hours at room 
temperature. 3 hours at reflux and then concentrated under vacuum. The solid was dissolved in water (50 mL), 
extracted with CH2CI2 (3x50 mL). The aqueous layer was basif ied with 1 0% NaHCOs and extracted with CH2CI2 
30 (4x50 mL). The combined organic extracts from the basic portion were dried (MgS04). filtered and concen- 
trated under vacuum to afford Compound A (2.0 g. 93%). 

TLC: Rf = 0.51 (9/1/0.05 CHCIj/methanol/acetic acid, visualization by eerie ammonium sulfate/amnrwnlum mo- 
lybdate/sulf uric acid/water). 
MS: (M+H)*186. 

35 

B. (R>N.[I2-[N-(N-((1.1-Dlnwthylethoxy)cartonyt]-S-(triphenylmethyl)-L-cystelnylhL-v^ 
tetrahydro-3-isoqulnollnyl]cart>onyt]-3-(2-thlenyl)-DL-alanine, methyl ester. 

N.N-Diisopropylethylamine (0.130 mL. 0.748 nvnol) was added to a solution Compound 18D (0.539 g. 

40 0.748 mnool). Compound A (0.1 38 g. 0.748 nfunol). benzotria2ol-1-yloxy-tris(dimethylamino)phosphonium hex- 
af luorophosphate (0.331 g. 0.748 nunol) in CH3CN (1 5 mL) and dimethytformamide (3 mL). and was stirred at 
room temperature for 16 hours. The reaction was quenched with IN HC) (100 mL) and extracted with ethyl 
acetate (3x100 mL). The combined organic layers were sequentially washed with 10% NaHCOa (2x100 mL). 
and 10% LiCI (2x100 mL), dried (MgS04). filtered and concentrated under vacuum. The residue was purified 

45 by flash chromatography (eluting with 4/1 hexane/acetone) to afford Compound B (0.616 g. 93%). 
mp: 51-56'»C 

TLC: Rf - 0.56 (2/1 hexane/acetone. visualization by eerie ammonium sulfate/ammonium molybdate/H2S04/wa- 
ter). 

MS: (M+H)* 889. 

so 

C. (R>N-[P-[N-(L-Cy8telnyl)-L-valyll-1.2,3,4-tetrahydro-3-l8oqulnollnyncaitonyl>3-(2-thl^ 
alanine. 

Comp und C (57%) was prepared from Compound B (0.61 g. 0.687 mmol) using a two step pfoc«<fc*» 
55 analog us t that described for th preparation of Compound 18G from Compound 18E. 
mp: 140-147X 

TLC: R| = 0.28 (9/1/0.05 CHCIs/methanol/acetie acid, visualization by eerie amm nium sulfate/ammon»jm mo- 
lybdate/ sulfuric add/ water). 
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MS: (M+H)* 533. 

[a]o22 = . 20.0*^ (c 0-05, CHjOH) 

1H (CD3OO): 0.98 (d. 1.5 H. J = 5.3), 1.00 (d, 1.5 H, J = 6.4). 1.03 (d. 1.5 H, J = 7.1). 1.05 (d, 1.5 H, J = 6.4), 
2.20-2.40 (m. 1 H). 2.91-3.35 {m, 6 H), 4.05-4.13 (m, 1 H), 4.58-5.10 (m, 5 H), 6.72-6.92 (m. 2 H), 7.14-7.50 
5 (m, 5 H) 

Anal. Calc'd. for C25H32N4O5S2 . 0.55 H2O. C2HF3O2 : C. 49.39; H, 5.23; N. 8.53; S. 9.77; F, 8.68. Found: C, 
49.64; H, 5.32; N. 8.60; S, 9.57; F, 8.25. 

Example 22 

10 

(R>N-[[2-[N-(L-Cy8talnyt)glycyll-1>2,3,4-tetrahydro-3-l8oqulnollnyllcaitonyll-L-m 



IS 



20 



25 




A. (R*)-N-[(1,2,3ATetrahydro-3-i8oqulnollnyl)carfaonyl]-L-methlonin8, methyl ester. 

30 Ha/dioxane (anhydrous, 4M, 0.18 mL, 0.007 mmol) was added to a suspension of Compound 1A (1 .5 g, 
3.55 mmol), In CHaOH/tetrahydrofuran (20/3 mL), at room temperature under argon. After 15 hours, the reac- 
tion mixture was concentrated in vacuo. The residue was triturated a few times with ether, and the solid was 
dried to afford Compound A (1.14 g. 100%). 

35 B. (R>N-[[2-IN-[(1,1-DinfWthylethoxy)carbonyl]glycyl]-1A3Atetrahydro-3-l8oqulnolinyl]^ 
methionine, methyl ester. 

Bis(2-oxo-3-oxazo!ldinyl)phosphinic chloride (1 .08 g, 4.24 mmol) was added to a stirred solution of Conrv 
pound A (1.14 g, 3.53 mmd). N-t-butyloxycarl>onyiglycine (0.68 g, 3.88 mmol) and N,N-diisopropytethylamine 

40 (2.02 mU 1.50 g, 11.6 mmol) in CHjaa (14 mL) at O^'C under argon. After stining for 2.5 days, the reaction 
mixture was partitioned between ethyl acetate (35 mL) and 10% HCI (10 mL). The aqueous layer was extracted 
(2 X 30 mL) with ethyl acetate. The combined organic extracts were washed sequentially with 10% HCI (2 x 
10 mL), water (2 x 20 mL), saturated NaHCOa (2x10 mL) and saturated NaCI (2 x 20 mL). The organic layer 
was dried over MgS04, filtered and concentrated to afford Compound B (1 .7 g. 100%), which was used without 

45 further purif tcatbn. 
MS : [M+Hr 480*. 

TLC: Rf 0.75 (ethyl acetate), visualized by UV. Ceric amnwnium molybdate. 

C. (R>N*[[2-[N-[f^[(1,1-Dlmethy1ethoxy)carbony1]-S-(triphenylmethyl)-L-cy8t8lny1]glycylH 
50 rahydro-3-l8oqulnollnyl]carbonyl]-L-nr>ethlonine, methyl ester. 

Compound C (82%) was prepared from Compound B (1.64 g, 3.41 mmol) using the two step procedure 
described for the preparation of Compound B from Compound 1 A. xcept that in the second step N-t-butylox- 
ycart>ony1-S-trity1-L-cysteine (0.78 g, 1.67 mmd) was used instead of N-t-butyt xycarbonylglycine. 
55 TLC: Rf 0.69 (ethyl acetate), visualized by UV, Ceric amnrionium molybdate. 
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D. (R*)-N-[[2-[N-(L-Cy8talnyl)gtycyl]-1p2,3,4-tetrahydro-3-l8oqulnoliny1]carbony1]-L-met^ 

Compound D (39%) was prepared from Compound C (1.09 g, 1.58 mmol) using a procedure analogous 
to that described for the preparation of Compound 1H from Compound 1G, except that the title compound was 
purified by silica gel chromatography eluting with CHCI3 and CHaa/CHaOH (9/1) and preparative HPtC. 
m.p. 95-99**C. 

TLC: RfO.S (g/l/.I.CHas/CHaOH/CHaCOOH), 
Visualized by UV, Ceric anvnonium nrK}lybdate. 
MS: (M+Hr469 \ 

Example 23 

(R*)-N^g2-[N-(L-Cystelnyl)-L-valyll-1,2,3,4 ■tetrahydro-3-isoqulnollnyllcart)onyl-L-giutamlne. 




A. (R>N»-n2-(N-[N-[(1,1-Dimethylethoxy)carfconylhS-(triphenylmethy1)-L-cy8telnyl]glycyll-1,2.^ 
rahydro-3-l8oqulnollnyl]carl)onyil-L-glutamtne, 1,1-dImethylethyl ester. 

To a cooled solution (4<*C) of Compound 1 8D (722 mg, 0.5 mmol) were added L-glutamine t-butytester (120 
mg, 0.5 mnnoi), 4-methyimorpholine (137 mU 1 -25 mmoi) in dimethylformamide (2.5 mL) and benzotriazol-1- 
yloxy-tris(dimethyiamino)phosphonium hexafluorophosphate (332 mg, 0.75 mmol). The mixture was stirred at 
4**C for 18 hours, allowed to warm to room temperature and stirred for an additional 24 hours. The mixture 
was poured into hydrochloric acid (50 mU 0.5 N) and extracted with ethyl acetate (3 x 100 mL). The organic 
extracts were combined, washed with sodium bicart)onate (50 mU saturated aqueous solution), dried (MgS04) 
and concentrated in vacuo to give Compound A (51 0 mg. 68% yield, 60% pure) which was used without further 
purification. 

B. (R>N^[[2-[N-(L*Cy8telnyl)-L-valyl^1,2,3,4-tet^ahydro-3-i8oqufnollnyl]carbonyt)-L-sluta^ 

A solution of Compound A (470 mg. 0.52 mmol), triethylsilane (832 mU 5.2 mmol). trifluoroacetic acid (5 
mL) and dichloromethane (5 mL) was stirred for two hours, concentrated in vacuo to an amber oil and purified 
by preparative HPLC (YMC S-15 CDS 50 x 500 mm column eluted at 35 mL/min with a 10-90% aqueous me- 
thanol gradient containing 0.1 % trifluoroacetic acid over 1 hour. UV detection at 21 5 nm). Appropriate fractions 
were combined (as detemiined by analytical HPLC), concentrated in vacuo, and lyophilized from water to pro- 
vide the ttti compound as a white solid, (80 mg. O.ll rnmol. 22 %). 
mp 145-1 50 *^C 

la]o^ = - 27.5*» (c 0.10. CH3OH). 
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Example 24 

(R*>-N-[[2-[N-(L-Cy8telnyl)-L-valyl>1,2,3,4-tetrahydro-3-l8oqulnollnyllcart)onyl^^ 




The title compound (0. 1 96 g. 30%) was prepared from Compound 1 8D (0.60 g) and L-histkJ ine methyl ester 
hydrochloride using the three step procedure described for the preparation of Compound 21C f rom Compound 
18D and Compound 21 A, with the exception that in the first step the 1N HCI quench was eliminated, 
mp: 130-137«C 

TLC: Rf = 0.16 (6/3/1 n-propanol/amnK)nium hydroxide/ water, visualization by eerie ammonium sulfate/ am- 
monium nrK>lybdate/ sulfuric acid/ water). 
MS: (M+H)* 516. 

iH (CD3OD): 1.03 (d. 3 H, J = 6.5), 1.08 (d, 3 H. J = 6.5). 2.20-2.28 (m. 1 H). 2.93 (d. 2 H. J = 5.3), 3.00-3.42 
(m, 4 H). 4.15 (t 1 H. J = 5.9), 4.59-5.13 (m. 5 H). 7.17-7.40 (m, 6 H). 

Example 25 

fR*)-W-fr24N-(L»Cy8telnyl>-L-valylV1^.34-tetrahYdro-3-l8oqulnollnyllcaA 
L-alanlne 




A. 3-(Phenytmethyl)-L-alanlne, methyl ester. 

T a soluti n of L-homophenylaianine (0.99 g. 5.53 mnDOl) in absolute methanol (50 mL) under argon was 
added P-TSOH H2O (2.09 g, 11.0 nfund) and th mixture was heated under reflux for 6 hours. The reaction mix- 
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ture was cooled and concentrated in vacuo. The residue was triturated with ether to afford Compound A (2.0 
g, 90%). 

B, (R>N-II2-[N-[N-[(1,1-Din»thylethoxy)carbonyll-S-triphemyln™ethyl)-L-cysteinyl)-L^^^ 
5 tetrahydro-3-l8oqutnollnyl]cart)onyl]-3>(phenylmethyl)-L-a]anine, methyl ester. 

To a cold {0**C) solution of Compound 18D (360 mg, 0.5 mmd) In dichloromethane (5 mL) containing di- 
methylformamide (0.5 mL) was added Compound A (292 mg. 0.8 mnrwl), bis(2-oxo-3-oxazoiidinyl)phosphinic 
chloride (128 mg, 0.5 mnnol) and N-methylmorpholine (0.22 mL. 2.0 mmo\). After 2 hours the reaction mixture 

10 was allowed to warm to 5*'C and stirred overnight (16 hours). The mixture was diluted with chloroform (1 0 mL) 
and washed successwely with 10 mL each of IN HCI. saturated NaHCOj and brine. The organic layer was 
dried (MgS04), filtered and concentrated in vacuo. Purification by flash silica gel column eluting with 30% 
ethyl acetate in hexanes afforded Compound B (330 mg, 73%). 
TLC: Rf 0.46 (40% ethyl acetate in hexanes. visualized by eerie amnwnium nrwiybdate) 

IS MS:(FAB)(M+H)* = 89r. 

C. (R*)-N-p-[N-(I^Cy«tslnyI>-L-valyll-1,2,3,4-tetrahydro-3-l8oqulnollnyncarbonylh3-{phenytmethyl)^ 
L-alanine. 

20 The title compound (60% yield) was prepared from Compound B (195 mg) using the two step procedure 

described for the preparation of Compound 16G from Compound 18E. 

mp: 120-123"C 

MS:(FAB)(M+H)* = 541. 

[ol^n = .34.7 o (c = 0.426. methanol) 
25 Elemental Analysis (%) for CjsHasl^OsS . 0.8 H20 .1.13 trif luoroacetic acid: 

Calc'd: C. 53.14; H. 5.71; N. 8.19; F, 9.42; 

Found: C. 53.14; H. 5.68; N, 8.19; F, 9.44. 

Example 26 

30 

(R*)-N-[[2-[N-(L-Seryl>-L-valyl}-1,2,3,4-tetrahydro-3-lsoqulnollnyllcarbonyll-L-methlonlne. 




The title Compound (6 mg; white, fluffy powder) was prepared using the solid phase method described in 
Example 15. with the following modifications: 
50 N-t-Butyloxycart>onyt-L-Met-PAM resin (0.59 g, 0.25 mmo\) was obtaine commercially. The reactive side 

chain of serine was protected as a benzyl ether. 
MS: (M+H)M95*- 

iH NMR (CD3OD): 6 (ppm) 7.23 (m). 5.03 (m). 4.95 (m). 4.71 (m). 4.46 (m), 4.22 (m). 4.06-3.69 (m). 3.44 (m), 
3.38 (m). 3.16 (m). 2.39 (m). 2.24 (m). 2.08 (m). 2.04 (s). 1.94 (m). 1.29 (m). 1.09 (J= 6.4 Hz). 1.00 (m). (Ro- 
55 tamers bserved.) 
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Example 27 

^R^R>2■[N■(3^Mel^pto■1^oxop^opy^^L■valyt^1A3Atet^ahydro-N-[3-(lTO^ 
yl)propyll-3'l8oqulnonnecarfaoxainlde. 

5 



10 



15 




20 

A. N-(2-Cyanoethyl)-N*-[(1,1-dlfnethylethoxy)cart)onyl]-L-methlonln«. 

1-Ethyl-3-(3-dimethyiaminopropyl)carbodiimide hydrochloride (16.24 g, 85 mmol). 3-aminopropionitrile 
(10.9 g, 85 mmol. fumarate salt), N.N-dlisopropylethylamine (17.9 mU 100 mmol) were added to a solution of 

25 N-t-butyloxycarbonyl-L-methionine (19.9 g, 80 mmol) and N-hydroxybenzotriazole (1 3.0 g, 85 mnnol) in tetra- 
hydrof uran (1 50 mU) at room temperature under argon. The reaction mixture became very thick and precipitate 
formed. More tetrahydrofuran (80 mL) and dimethylfbnmamide (50 mL) were added. After 7 hours, additional 
amine salt (2 g) and N.N-diisopropylethylamine (3 mL) were added, and the mixture was stin-ed for another 18 
hours. The reaction mbcture was partitioned between saturated ammonium chloride (1 00 mL) and ethyl acetate 

30 (110 mL). The organic layer was washed sequentially with 1 N HQ (1 00 mL) and NaHCOj (1 00 mL). The organic 
layer was dried (MgS04). filtered and concentrated. The oil obtained was purified by silica gel column chro- 
matography eluting with a step gradient of 50% ethyl acetate in hexanes to afford Compound A (1 1 .2 g. 47%). 
MS (CI), (M+H)* = 320. 

TLC : R< 0.11 (50%, ethyl acetate in hexanes, visualized by U.V. and eerie ammonium molybdate). 

35 

B. (R)-[1-[1-(2-Cyanoethyl)-1H-totrazol-5-yl]-3-(methylthlo)propyt]carfaamlc acid, 1,1-dlmethylethyl 
ester. 

To a solution of Compound A (10 g. 33.2 mmol) in tetrahydrofuran (300 mL) at room temperature under 
40 argon was added sequentially triphenylphosphine (18 g. 69.8 mnrK3i). diethylazodlcarboxylate (10.99 mU 69.8 
mnrwl) and azidotrimethylsilane (9.26 mU 69.8 mmol). After 72 hours, the volatiles were removed on rotary 
evaporator behind a safety shield. The residue was treated with ammonium eerie nitrate (3 g in 50 mL). A pre- 
cipitate fbnmed along with evolution of gas. Water (50 mL) was added and the aqueous layer was extracted 
with dichloromethane (100 mL). The organic layer was dried (MgS04), filtered and concentrated in vacuo. Pur- 
45 if ication of the residue by flash silica gel column (50x300 mm), eluting with 40% ethyl acetate in hexanes, af- 
forded crystalline (long needles) Compound B (7.2 g. 66%). 
MS (CI): (M+H)* 327. 

TLC : Rf 0.3 (50%, ethyi acetate in hexanes, visualized by U.V. and eerie ammonium nwlybdate). 
50 c. (R>2-(N-[(1,1-Dlmethylethoxy)carbonyl>l^va!yl]-1 A3,4-tetrahydro-3-laoqulnoMnecarbo add. 

To a solution of Compound 1 8A (3.1 g. 6.66 mmol) in 50 mL f methan I was added 1 50 mg Pd(0H)2 (20% 
on carbon). The mixture was stirred und r H2 atnwsphere (balloon) for 1.5 hours. The mixtur was filtered 
through celite. and th filtrate was concentrated in vacu to afford Compound C (2.3 g, 92%) as a white solid. 
55 mp 89«C 

MS: (M+H)* 377. 
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D. (R*.R*)-2-[N-I(1,1-Dlmethyleth xy)carbonyl>L-vatyll-1.2,3.4-tetrahydro-N-l3-(methy1thlo)-1-l1-{2- 
cyano«thyl>-1H-tetrazol-5-yllpropyl]-3-i8oqulnollnocartooxamlde. 

Anhydrous HO (4M in dioxane. 1 mL, 4 nnmol) and triethylsilane (0.3 mL) were added to solid Compound 
5 B (64 mg, 0.2 mmol) at room temperature under argon. After stirring overnight (16 hours) a white precipitate 
formed. Supernatent dioxane was removed by pipette, and the solid was triturated with ether and dried in vacuo 
to afford a solid (120 mg). (MS: (M+H)* 22r) 

This material (120 mg) was dissolved in dichloromethane (1.5 mL) at room temperature under argon and 
was treated sequentially with Compound C (90 mg, 0.25 mmol). N-methylmorpholine (0.08 mL. 0.75 mmol) 
10 and ben20triazol-1-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate (105 mg, 0.25 mmol). After 
stirring overnight (16 hours), the mixture was diluted with ethyl acetate (5 mL) and washed with IN HCI. satu- 
rated NaHCOs and brine (5 mL each). The organic layer was dried (MgS04), filtered and concentrated to afford 
an oil. Purification by flash silica gel column chromatography eluting with 40% ethyl acetate in hexanes af- 
forded Compound D (101 mg. 85%). 
IS MS: (CI) (M+H)* = 585*. 

TLC : Rf 0.67 (80%. ethyl acetate in hexanes. visualized by U.V. and eerie ammonium nrrolybdate). 

E. (R*,R>2-[N-[3-[{Triphonylnwthy1)thio^1-oxopropyl^L-valyl^1,2,3,4-tetrahydro-N-[3-(methylthi^ 
1-[1-(2-cyanoethyl)-1H-tetrazol-5->i]propyl]-3-l8oqulnolinecarboxainlde. 

20 

Compound E was prepared from Compound D using the two step procedure described above for the prep- 
aration of Compound D from Compound B, with the exception that in the second step S-trityl-3-mercaptopro- 
pionic acid was used in place of Compound C. 

TLC Rf 0.48 (80% ethyl acetate in hexanes visualized by eerie ammonium molybdate). 
25 MS(FAB)(M+H)* = 815. 

F. (R»,R>2-(l^[3-[(Triphenylmethyl)thlo>1-oxopropyll-L-valylh1,2p3>tGtrahydro-N-(3.(methy1 
(1H-tetrazol-5-y1)propyl]-3-l8oqulnollnecarboxamlde. 

30 To a solution of Compound E (180 mg, 0.22 mmol) in tetrahydrofuran (1.5 mL) at room temperature under 
argon was added a solution of UOH (0.44 mL. 0.44 mmol). Methanol (0.4 mL) was added to make the reaction 
mixture honnogeneous and argon was bubbled through the solution for 2 minutes. After 1 hour, the mbcture 
was diluted vnth IN HQ (5 mL) and extracted with ethyl acetate (2 x 10 mL). The organic extracts were com- 
bined, dried (MgS04), and concentrated in vacuo to afford Compound F (160 mg, 95%). as a foamy solid. 

35 TLC: Rf 0.05 (70% ethyl acetate in hexanes. visualized by eerie amnwnium molybdate). 
MS: (FAB) (M+H)* = 762. 

G. (R^R>2-(N^3-Mercapto-1H)xopropyl)-L-valyl^1,2,3.4-tet^ahydro-N-[3-(methy1thlo)-1-(1H-te^ 
5-yl)propyl}-3-isoqulnolinecartoxamlde. 

40 

(All solvents used in the preparation of Compound G from Compound F, except trifluoroaeetic acid, were 
deoxygenated by bubbling argon prior to use). 

To a solution of Compound F (150 nr»g. 0.2 mmol) in dichloronrwthane (2 mL) at room temperature under argon 
was added trifluoroaeetic acid (0.1 mL), After 5 min. water (5 mL) followed by saturated NaHCOs was added 

45 dropwise (until pH = 8) and then reacidif ied with 1 N HCI (1 mL). The resulting mature was extracted with chloro- 
form (2 X 10 mL). The organic extracts were combined, dried (MgS04). filtered and concentrated. The residue 
was purified by preparative HPLC (YMC. S10. C18. 30 x 500 mm column) eluting with 50-90% aqueous me- 
thanol. Appropriate fractions were collected. Methanol was removed on a rotary evaporator and the aqueous 
solution was lyophilized to afford the title compound. 

50 mp 102*»C 

TLC: Rf 0.49 (CHCU: methanol: acetic acid. 9:1:0.1. visualized by eerie ammonium molybdate) 
MS (FAB) (M+H)* = 520. 
El m ntal Analysis (%) C23H33N7O3S2 . 0.6 HjO 
Cale'd: C, 52.07; H, 6.50; N. 18.48; 
55 Found: C, 52.07; H. 6.38; N. 1 8.24. 
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Example 28 

{R*,S*)-N-[[2-[N-(2-Amlno-3-mercaptopropyl>-N-methyl-L-valyl>1,2,3,4-tetrahydro-3-lsoqut^ 
bonyl^L-mcthlonino. 




A. (R>N-^2'[N■[(1>1■Dlmethylc^hoxy)carfaonyt^N^methy^^L■valyll-1,2,3,4■tet^a 
nyl]caifaonyl}-l--tn<thlonln0, mothyl ester 

Compound A (dear oil, 3.0 g, 99%) was prepared from Compound 1 A (2.0 4.73 mmd) using a two step 
procedure analogous to that described for the preparation of Compound 8A, except that in the second step N- 
t-butyloxycart>onyl-N-methyl-L-valine (1.80 g. 7.78 mmol) was used instead of ^4-Fmoc-^4-methyl-L- valine. 
MS: (M+H)* 536. 

B. (R\S*)'N-[r2-[N-[2-[I(1,1-Dtmethytethoxy)cafiM>nyllamlnoK3-[(triphenylmet^^ 
thy1-L-valyll-1,2,3,4-tetrahydro-3-l8oqulnollny11cafbonyll-L-methlonlne, methyl ester. 

Compound B (clear oil. 200 mg. 5%) was prepared from Compound A (2.5 g. 4.73 mnrH>i) using a two step 
procedure analogous to that described for the preparation of compound 7B, with the following modifications: 
In the second step. Compound 1 F (2.2 g. 4.92 mmol) was used instead of Compound 68, and only one equiv- 
alent of sodium cyanoborohydride (298 mg. 4.73 mmol) was used. 
MS: (M+H)* 867. 

C. (R*,sn-N-[t2-[W-(2-Amlno-3-mercaptopropytVNHnethyl-L-vaiyl^1,2,3,4-tetrahydro>3-lsoqulnol^ 
nyllcarfaonyt>Umethlonlne. 

Compound C (26 mg. 22%) was prepared from Compound B (200 mg. 0.231 mmol) using the procedure 
described for the preparation of Compound 1H from Compound 1G. 
mp 59-60''C 

[a]o26 = -12.0 o (c=0.1 . CH3OH) 
MS: (M+H)*5ir. 

iH-NMR (CD3OD, 270 MHz) 6 (ppm) 7.18 (4H. m). 4.43 (1H, m), 4.28 (1H. m). 3.55 (1H, m). 3.15 (4H. br m). 
2.69 (2H. m). 2.48 (2H. m). 2.40 (1H, m). 2.27 (3H. m). 2.20 (2H. m). 1.95 (3H. d), 1.85 (3H. m). 0.91 (6H. m). 
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Example 29 

(R*>R*,S>N-[12^2>[(2-Amlno-3-mttrcaptopropyl)amlnol-3-methylbutyll-1,2,3,4^tetra 
nyllcarbonyll-L'methlonine. 




A. (R*,R*,S*)-N-[[2-P-n2-[I(1J-Plmethylethoxy)carfaony11amlno^3-Ktriph9nylmethyl)thlolpropyt]am 
no>3-mathytbutylK1,2,3,4>tetrahydro-3-i8oqulnollnyllcaftoonylfl^methlonlne, methyl ester 

Compound A (1 .2 g, 32%) was prepared from Compound 5C (2.30 g. 4.54 mmol) using a two step proce- 
dure analogous to that described for the preparation of Compound 7B. wrth the following nxxjif ications: In the 
second step, Compound IF (2.2 g. 4.92 mmol) was used instead of Compound 6B, and only one equivalent 
of sodium cyanoborohydride (285 nr>g, 4.54 mmol) was used. 
Ms: (M+H)* 839. 

B. (R*,R^S*)-N-^2■[2■[(2-Amlno■3■me^captopropyl)amlno^3^methytbutyl^1,2,3,4^^0trahydro^^^ 
nollnyllcarfaonyll'L'methlonine. 

Compound B (50% yield) was prepared from Compound A (1 .2 g, 1 .43 mmol) using the two step procedure 
described for the preparation of Compound 1H from Compound 1G. 
mp 72-73 ^C 

[a]o25 = -30.0 « (c=0.1 8, CH3OH) 
MS: (M+H)*483. 

1H-NMR (CD3OD. 270 MHz) 5 (ppm) 7.28 (4H. m). 4.68 (1H. m). 4.19 (1H, m). 3.66 (1H, m). 3.42 (2H, m). 3.24 
(2H, m), 3.03 (2H, m). 2.94 (2H. d, J=4.28 Hz)). 2.60 (2H. m), 2.20 (2H, m). 2.10 (3H. s). 2.07 (3H. m), 1.01 
(3H,d. J=7.03Hz). 0.93 (3H, d. J=7.04Hz). 
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Example 30 

(R*>-N-[[1-[N-(L-Cy8telny1)-L-valyl]-2>dlhydro-1H-lndot-2-yllcart)ony11-L-n^^ 



10 



15 




20 A. (R*>-1-[N-[(1,1-Dlmethyl0thoxy)cartoonyl>Uvalyl>2>dlhydro>1H-lndolo-2-cart)oxyllc acid, ethyl 
eater. 

Bis(2-oxo-3-oxazolidiny1)phosphin{c chloride (2.54 g, 10 mmol), (S)-2,3-dihydro-1H-indole-2-carboxylic 
acid ethyl ester (1 .15 g. 5 mmoi) [see Stanton, et al„ J. Med. Chem. . 26, 1267, (1983)]. and |st-methylmorpho- 

25 line (2.2 mU 20.0 mmol) were added to a solution of N-t-butytoxycart>ony1-L-valine (2.17 g. 10 nunot) in di- 
chloromethane (30 mL) containing dintethytfbnnamide (1 mL) at O^'C under argon. The reaction was allowed 
to warm to S^C over 2 hours, and stirred overnight (20 hours). The reaction mixture was washed with 1N HCI 
(30 mL) and 10% UCI (30 mL). dried (MgS04), filtered and concentrated. The oil obtained was purified by silica 
gel column chromatography eluting with 10% acetone in hexanes, dissolved in ether (30 mL), and washed with 

30 1 N HCI (3 X 20 mL). The organic layer was concentrated in vacuo to afford Compound A (680 mg, 47%) as an 
oil. 

MS (CI), (M+H)* = 391*. 

TLC : Rf 0.6 (20%. ethyl acetate in CHCI3. visualized by U.V. and eerie anrvnonium mdybdate). 

35 B. (R>2-IN-[(1,1-Dlmethylethoxy)cart)onyl]-L-valylh2,3-dlhydro-1H-lndol-2-ylcarbox^ acid. 

Compound B (650 mg, 83%) was prepared from Compound A (840 mg, 2.15 mmol) using the procedure 
described for the preparation of Compound 180 from Compound 18C. 
MS: (CI) (M+H)* = 363*- 

40 

C, (R>N-P1^[N^[(1,1^Dlmethylethoxy)carfeonyl^L■valyl^2,3>dlhydro■1H^lndol-2■yllca^^ 
thtonlne,1,1-dimethyiethyl ester. 

Compound C (340 mg. 74%) was prepared from Compound B (300 mg, 0.83 mmol) using a procedure ana- 
45 logous to that described for the prepartion of Compound 23 A with the following modifications: L-methionine t- 
butyl ester hydrochloride (242 mg. 1.0 mmol) was used instead of L-glutamine t-butyl ester hydrochloride, and 
the product was purified by silica gel column chron^atography eluting with 30% ethyl acetate in hexanes. 
m.p. 79-81'»C 
MS (CI) (M+H)* = 550*. 

so TLC Rf 0.2 (30% ethyl acetate in hexanes. visualized by UV. eerie ammonium molybdate). 

D. (R*)-N>[I1-(LpValyl>-2,3-dlhydro-1H-lndol-2-y1lcart nyll-L-metht nlne,1,1-dlmethyiethyl ester. 

T a solution of Compound C (1 30 mg. 0.24 mmol) in formic acid (98%. 0.5 mL) at room temperature under 
55 arg n was added triethylsilane (0.08 mL) and th progress fthe reaction mbcture was m nitored by TLC ana- 
lysis. After 9 h urs. saturated Nal-tCOs (5 mL) was added to the mbcture and extracted with CHGa (2x5 mL). 
The organic extracts were combined, dried (MgS04). filtered and concentrated to afford Compound D (100 
mg.92%). 
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MS (CI) (M+H)* = 450* 

E. (R*)-N-ni-[N-[N-[(1,1-Plmethylethoxy)carbonyll-S-(trlpheny1methyt)-L-cystei^ 
dro-1H-lndo>-2-yllcart)onyll-L-nwthlonln9, 1,1-dlinethylethyl ester. 

5 

To a solution of Compound D (100 mg. 0.22 mmol) In dichloromethane (1 mL) at O'^C under argon were 
added sequentially N-t-buty1oxycart)onyl-S-trity»-L-cysteine (122 mg, 0.26 nrvnol). N-methylmorpholine (0.033 
mU 0.3 mmol) and benzotria2ol-1-yloxy-trls(dimethylamino)phosphonium hexafluorophosphate (115 mg. 0.26 
mmol). The reaction mixture was allowed to warm to room temperature over 2 hours, and then stirred overnight 
10 (16 hours). The reaction mixture was diluted with chloroform (5 mL) and washed sequentially with 1 N HQ, satu- 
rated NaHCOs and brine (5 mL each). Purification by flash silica gel column chromatography eluting with 30% 
ethyl acetate in hexanes afforded Compound E (160 mg, 81%). 

TLC Rf 0.11 (70% ethyl acetate in hexanes. visualized by UV, eerie ammonium nxrfybdate). 
MS: (FAB) (M+H)+= 895+. 

IS 

F, (R')-N>ni-(N-(L-Cy8telriyl>-l^valyl^2>dihydro-1H-indol-2-ytlcart>onylKHi^^ 

To solution of Compound E (140 mg. 0.16 nrunol) in dichloromethane (1 .5 mL) at room temperature under 
argon were added triethyisilane (0.2 mU 1.25 mmol) and trifluoroacetic acid (0.5 mL). After 2 hours, the vol- 

20 atiles were removed by rotary evaporation and the residue was purified by preparative HPLC (C-18. S10, 
30x500 mm column) eluting with linear gradient of 10-90% aqueous methanol containing 0.1% trifluoroacetic 
acid. Appropriate fractions were collected, methanol was removed on a rotary evaporator, and the aqueous 
solution was lyophilized to afford the title Compound (56 mg, 70%). 
m.p. 72-74°C 

25 MS: (M+H)* = 497*. 

la]o = -49.8'* (c= 0.49, CH3OH) 

HPLC: (C- 1 8, S3, 6x1 50 mm column). 1 .5 mL/min. 220 nm: 1 0-90% aqueous methanol containing 0.2% H3PO4; 
RT = 18.06 min. 

Elemental Analysis (%) C23H33N7O3S2 O.6H2O: 
30 Calc'd: C. 52.07; H. 6.50; N. 18.48; 
Found: C. 52.07; H. 6.38; N. 18.24. 

Example 31 

35 (S^R>N^[2^[N^(2■Amlno■3■mercaptDp^opyl>■L■valyll■1,2,3,4>tet^ahyd^o^^lsoqulnollny1 
methionine, methyt ester, trifluoroacetate (1:2) salt 




A. (S*, R*)-N-[I2-(N-(2-Amlno-3-mercaptopropyl)-L-valvlH,2,3,4-tetrahydro-3-l oqulnollnyD'Cfbo- 
nyl]-L-methl nin , methyl st r, trtfluoroacetat (1:2) salt 

T a solution of 180 mg (0.211 ntmol) of Compound 1G in 3 mL of dichloromethane was addsd 0.20 mL 
(1.27 mmol) f triethyisilane. Th resulting sduti n was cooled to a*C and purged with arg n. T this wss sclded 
1 mL of trifluoroacetic acid. Th mbcture was warmed to room temperature and stirred for 2 h urs. The sofvent 
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was removed in vacuo and the residue was triturated with hexane. The residue was purified by HPLC (YMC 
S-10 ODS 30 X 500 mm, 220 nm. 28 mL/minute, 40-90% aqueous methanol with 0.1% trifluoroacetic acid). 
The appropriate fractions were concentrated in vacuo, and lyophilized to afford the title compound (70 n^g) 
as a white lyophilizate. 

5 mp: se-se^c 

MS: (M+HrSII 
Example 32 

10 [3S^[2R*(S*)l,3l^(R*)]^2^[N^(2■AmlnO'3^me^captop^opyt)■L■valyl^1,2,3,4■tet^ah 
oxo-3-furanyl)-3-lsoquinolinecarfaoxamlde, trtfluoroacetate (1:2) salt 



15 



20 




A. (S>N-[2-mi»1-PI'nethylethoxy)carbonyllamlno]-3-[(triphenylmethyl)thlolpropyl]-L-val^ methyl 
ester 

30 Acetic acid (2.6 mL, 44 mmol) was added to a solution of Compound IF (20 g. 44,7 mmol) and L-vallne 
methylester hydrochloride (9.6 g, 53.7 mmo\) In methanol (50 mL). The mixture was stirred at room temperature 
for 30 minutes. Sodium cyanotwrohydride (2.8 g, 44.7 mmol) in tetrahydrof uran (50 mL) was added dropwise 
and the mixture was stirred at room temperature for 2 hours. The reaction was quenched with sodium bicar- 
bonate (3.75 g. 44.7 mmol) in water (20 mL) and concentrated under vacuum. The residue was dissolved in 

35 10% sodium bicarbonate (10 mL) and extracted with dichloromethane (3 x 100 mL). The combined organic 
extracts were dried (magnesium sulfate), filtered and concentrated under vacuum. The residue was purified 
by flash chromatography (eluting with 9:1 hexane/acetone) to afford Compound A (17.7 g, 70%). 
TLC: Rf : 0.25 (8/1 hexane/acetone, visualization by UNO- 
MS: (M+H)*563 

40 IR: (CHaCljfilm). 1491. 1715 crrr^ 

B. (S>N-[2-[[(1,1-Dimethylethoxy)caffeonyllamlnol-3-[(triphenylmethyl)thlolpropyi>N-[(^ 
thoxy)cart>onyll«L-vallne, methyl ester 

45 Benzylchloroformate (about 90%, 3.2 mU 20.3 mmol) was added to a solution of Compound A (3.8 g, 6.76 

mmol) and diisopropytethylamine (3.8 mL, 21.6 mnwl) In dichloromethane (20 mL) at 0°C. The mixture was 
warmed to room temperature and stirred for 16 hours. The reaction was diluted with dichloromethane (100 
mL). and washed sequentially with IN hydrochloric acid (2 x 100 mL) and 10% sodium bicarbonate (2 x 100 
mL). The organic layer was dried (magnesium sulfate), filtered and concentrated under vacuum. The residue 

50 was purified by flash chromatography (eluting with 8/1 hexane/acetone) to afford Compound B (4.3 g. 92%). 
as a white solid, 
mp: 48-52*»C 

TLC: Rf : 0.35 (4/1 h xane/acetone. visualization by UV) 
MS: (M-H)- 695 

55 
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C. (S*)-N-[2-n(1*1-DI"wthyleth xy)carfa nyl]amlnol-3-[(triphenylm6thy1)thiolpropyll-N-[(ph9ny1me- 
thoxy)cart>onyll-L-vallne 

Lithium hydroxide (2N. 1.5 mL, 3.0 mmol) was added dropwise to a solution of Compound B (0.696 g, 1.0 
5 mnrK)l) in tetrahydrof uran (5 mL) and methanol (3.5 mL). The homogeneous reaction was warmed to room tenrv 
perature and stin'ed for 16 hours. The mixture was concentrated under vacuum, diluted with 1N hydrochloric 
acid (30 mL) and extracted with dichloromethane (3 x 50 mL). The combined organic extracts were dried (mag- 
nesium sulfete), filtered and concentrated under vacuum to afford Compound C (0.68 g, 100 %). 
mp: 66-72<'C 

10 TLC: Rf : = 0.61 (9/1/0.05 chlorofbrm/methanol/acetic acid, visualization by UV) 
MS: (M-H)- 681 

D. [3S-[2[R*(y)l,3RTl-2-[N-[2-[[(1,1-Dlnrwthy1ethoxy)carfaonyllamlnol-3-[(tripheny^ 
pyl^N-[(phenylmethoxy)cart)onytl-L-valyl}-1,2,3,4-tQtrahydro-3-l8oqulnollnecarboxyllc acld.methyl 

15 ester 

Diisopropylethylamine (19.7 mL, 113 mnrwl) was added to a solution of Compound C (24.15 g, 35.4 mmol), 
(S>-1,2,3,4-Tetrahydroisoquinolin6-3-carboxylic acid, methyl ester, hydrochloride (9.66 g, 42.5 mmol). and ben- 
zotriazol-1-yloxytris-(dimethylamino)phosphonium hexafluorophosphate hydrochloride (10.8 g, 42.5 mmol) in 

20 dichloromethane (200 mL). The mixture was stirred at 0°C for 16 hours. The reaction was quenched with IN 
hydrochloric acid (300 mL) and extracted with dichloromethane (3 x 100 mL). The combined organic extracts 
were washed with 10% sodium bicarbonate (100 mL), dried, filtered and concentrated under vacuum. The re- 
sidue was purified by flash chromatography (eluting with 4/1 hexane/acetone) to afford Compound D (21.8 g, 
72%). as a white solid. 

25 mp: 66-70**C 

TLC: Rf : 0.28 (4/1 hexane/acetone, visualization by UV) 
MS: (M+H)* 856 

E. [3S-[2[R*(S*)l,3RnH-[N-[2-[[(1,1-Dlmethylethoxy)carfaonyllamlnol-3-[(^^^ 

30 pyl>N-[(pher»ylmethoxy)carbonyll-L>valyl]-1,2,3,4"tetrahydro*3-l8oqulnollnecarboxyllc add 

Compound E was prepared using Compound 0 (12.5 g, 14.6 mmol) as in the method described in Example 
32 C. Compound E (12.3 g. 100%) was prepared as a white solid. 
. mp: 88-94**C 
35 TLC: Rf: 0.52 (9/1/0.05 

chloroforn\/methanol/acetic acid, visualization by UV) 
MS: (M-H)- 840 

F. [3S-[2[R*(Sni,3R*(R*)l>2-[N-[2-n(1,1-Dlmethy1ethoxy)-cartoonyllaminol-3-[(triphenyl 

40 thiolpropytl-N-[(phenylmethoxy)cartoonyl>L-valy1^1,2,3,4-tetrahydro-N-(tetrahydro-2-oxo-3-fa 
3-lsoqulnollnecarboxamlde 

Diisopropylethylamine (0.651 mU 3.74 mmd) was added to a solution of Compound E (1 .5 g, 1 .78 mmol), 
L-honrK)serine lactone hydrochloride (0.245 g, 1.78 mnrwl) and benzotriazol-1-yloxytris-(dimethylamino)phos- 

45 phonium hexafluorophosphate (0.789 g, 1 .78 mmol) in acetonitrile (3 mL) and dimethyiformamlde (1 mL). The 
mixture was then stirred at room temperature for 16 hours. The reaction was quenched with IN hydrochloric 
acid (50 mL). and extracted with ethyl acetate (3 x 75 mL). The combined organic extracts were washed with 
10% lithium chloride (2 x 50 mL), dried, filtered and concentrated under vacuum. The residue was purified by 
flash chromatography (eluting with 2/1 hexane/acetone) to afford Compound F (1.45 g, 88%) as a gum. 

50 TLC: Rf : 0.61 (1/1 hexane/acetone. visualization by UV) 
MS: (M-H)- 923 

. [3S-[2[R*(y)L 3R*(R*)l>2-[N-(2-Amlno-3-mQrcaptoprDpyt)-L-vatyl}-1,2,3Atetrahydro-N-(t9trahydro« 
2-oxo-3-furanyl)-3'l8oqulnollnecart) xamlde, trtflu roacetate (1:2) salt 

55 

Triflu roacetic acid (4.3 mL. 55.8 mmd) was added t a solution of Compound F (0.8 g, 0.866 mmo\) in 
dichloromethan (9 mL) and triethylsilane (1 .4 mL. 8.66 mnK>l). The resulting solution was stirred at room tenv 
perature for 1 hour. The reaction was concentrated under vacuum, and th residue was triturated with hexane 
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(3x10 mL). The hexane layer was discarded. In a separate flask, trifluoroacetic acid (17 mU 220 mmol) was 
treated with thioanisole (1 mU 8.5 mmol) and 1.2-ethanedithiol (0.726 mL, 8.66 mmol) at OX. This solution 
was added to the triturated residue, followed by the dropwise addition of bromotrimethylsilane (1.1 mU 4.3 
mmol). The solution was stirred at 0°C for 1 hour. The reaction was treated with diethylether (40 mL) and the 

5 resulting precipitate was centrif uged. The supernatant was removed and discarded, and the solid was washed 
and centrif uged with diethylether (3 x 40 mL), ethyl acetate (2 x 40 mL) and diethylether (1 x 40 mL). The solid 
was purified by preparative HPLC (YMC S-10 ODS 30 x 500 nrtm. 220 nm, 35 mL/minute, 10%-90% aqueous 
methanol with 0.1% trifluoroacetic acid gradient). The appropriate fractions were concentrated under vacuum 
at room temperature, and the residue was lyophilized to afford the title compound (0.13 g, 26%), 

10 mp: 95-107°C 

TLC: Rf = 0.68 (6/3/1 n-propanol/ammonium hydroxide/ water, visualization by eerie ammonium sulfate/ anrv 
monium molybdate/ sulfuric acid/ water) 
MS: (M^H)^449 free base 
IR: (KBr). 1678, 1773, 2974 cmri 



IS 



20 



Elemental analysis for CseHa^N^FeSiOe • 2.56 


H2O 












C 


H 


N 


S 


Calculated: 


45.21 


5.71 


8.11 


4.64 


Found: 


45.26 


5.25 


8.06 


4.83 



iH (CD3OD): 1.06-1.13 (m. 6 H), 2.11-2.46 (m, 5 H), 2.85-2.89 (m, 3 H), 3.12-3.20 (m, 2 H), 3.50-3.80 (m 1 H). 
25 4.25-4.91 (m, 6 H), 7.28 (s. 4 H) 
[a]o = - 6.7** , c = 0.76 (methanol) 

Example 33 

30 (S*,R>N»-[I2-[N-(2-Amlno-3-mercaptopropyl)-L-valyl>1,2,3,4-tetrahydro-3-l8oqulnolinytl 
hydroxy-L-methlonlnamlde, trifluoroacetate (1:2) salt 



35 



40 



45 




SCH3 



A- (S\R>N-[I2-IN-[2-mi,1-Dlmethylethoxy)cartoonyllamlnol-^-[(triphenylmethyl)thiolpro^ 
nylmethoxy)carbonyt>L-valyll-1,2,3,4-tetrahydro-3-l8oqulnollnyllcarbonyll-L-methlonlne, mthyt»»- 
^ tor 

Compound A (707 mg. 60% yield) was prepared using Compound 32E (1 .00 g. 1 .1 9 mmol) and methionine 
methyl est r. hydrochloride (237 nr>g, 1.19 nrunol) as in th method d scribed in Example 32F. mp: 77-79-c 
TLC: Rr - 0.72 (1:1 hexane/ethyl acetate, visualized by phosph molybdic acid) 
^ MS: (M+H)* 987 



56 



EP 0 618 221 A2 



B. (S^R>N^[[2-[N^[2^[I(1,1■Dlmethy^ethoxy)carteonyllamlno^3^[(triphenyllTwthyt)th^ol^ 
[(phenytmethoxy)carfaonylhL-valyl^1,2,3,4-tetrahydro-3-isoqulnonnyllcarfaonylhN-(tetrahydro 
2"yloxy)«L"methlonlnainlde 

5 To a solution of Compound A (600 mg. 0.608 mmol) in tetrahydrof uran (3 mL) at 0*' was added 1 N lithium 

hydroxide (0.912 mU 0.912 mmol). After stirring for 2 hours, 1 N hydrochloric acid (0.912 mL, 0.912 mmol) 
was added and the reaction was concentrated to 1 mL The mixture was diluted with dichloromethane (100 
mL) and 1 N hydrochloric acid (10 mL). The layers were separated and the aqueous layer was extracted with 
dichloromethane (1 x 100 mL) and ethyl acetate (100 mL). dried, filtered and concentrated to give crude acid 

10 (500 mg. 85% yield). HPLC showed the mixture contained a 7:3 ratio of the desired acid and the corresponding 
methionine sulfoxide. This was used without further purification. 
MS: (M+Li)* 979 and (M-H)' 971 (M+Li)* 997 and (M-H)" 987 

To a solution of the al>ove material (500 mg, 0.514 mmol) in dimethytformamide (3 mL) at 0** under nitrogen 
was added Compound 20A (60 mg, 0.514 mmol), diisopropylethylamine (89 mU 0.514 mol) and benzotriazol- 

15 1-yloxytris-(dimethylamino)phosphonium hexafluorophosphate (227 mg, 0.514 mmol). After stirring for 20 
hours at 0**. diisopropylethylamine (30 \iL 0.171 mmol). Compound 20A(20 mg, 0.171 nrmiol) and benzotriazol- 
1-yloxytris-(dimethylamino)phosphonium hexafluorophosphate (45 mg. 0.102 mmol) were added to the reac- 
tion. After wanming to room temperature and stirring for 4 hours, the mixture was diluted with ethyl acetate 
(100 mL). washed sequentially with saturated sodium bicart)onate (50 mL). 1% potassium bisulfate (50 mL) 

20 and 10% lithium chloride (3 x 50 mL), dried, filtered and concentrated in vacuo. The residue was purified on 
silica gel (20 mL, eluting with hexane/ethyl acetate 4:1 to 0:1) to give Compound B (300 mg, 54% yield), 
mp: 150-151*»C 

TLC: Rf = 0.37 (2:1 hexane/acetone, visualized by phosphomolybdic acid) 
MS: (M+H)M072 

25 

C. (S\R*)-N^[P-[N-(2-Amlno-3-mercaptopropy1)-L-valyll-1,2,3,4-tetrahydrc>-3-laoqulnollny11carfaony11- 
N-hydroxy-L-methlonlnamlde, trifluoroacetate (1:2) salt 

Compound C (57 mg. 33%) was prepared from Compound B (250 mg, 0.233 mmol) using the method de- 
30 scribed in Example 32G. 
mp: 94-97*»C 

TLC: Rf = 0.14 (chloroform:methanol:acetic acid 9:1:0.05, visualized by eerie ammonium sulfate) 

MS:(M+)*512 

IR: (KBr) 1676. 1206 cnr^ 
35 [a]o - -31 .5* [c = 0.260. nriethanol] 

iH NMR 400 MHz (CDCI3): 0.92 - 1.23 (m, 6H). 1.72 -2.50 (m, 10H). 2.73 - 3.21 (m. 4H). 3.55 (m. 1H). 4.22 - 

4.72 (m, 5H). 7.26 (m, 4H) 

100 MHz (CDQa): 15.3. 17.9. 18.1, 19.6. 19.9, 25.6, 25.7, 30.6. 30.9, 31.1. 32.2, 32.4. 32.6, 33.3, 46.0, 

47.6. 48.4. 48.6, 48.8. 49.0. 49.2, 49.4. 49.7. 51.5, 51.7, 53.2. 53.5. 57.3, 57.7, 59.1. 65.9. 66.0, 126.9. 127.7, 
40 128.3. 128.6. 128.8, 129.0, 129.3. 129.7. 130.9, 133.6, 134.0. 135.3, 135.4, 170.4, 170.8. 172.4, 173.3, 173.5, 

173.8 



Elemental Analysis for C23H37N604S2-1.71 HjO ^.O 
CF3CO2H 




C 


H 


N 


S 


F 


Calculated: 


42.09 


5.55 


9.09 


8.32 


14.79 


Found: 


42.19 


5.20 


8.73 


8.35 


15.24 
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Example 34 

[R>(R*,S*)l-N^[I2-[N-(2-Amino-3-mercaptopropyt)-L-valyll-1,2,3,4-tetrahydro-3-isoqulnoll^ 
nyll-L^glutamlne, trffluoroacetate (1:2) salt 




A. (S^R>N3L[[2^[N-[2■[[(1,1-Dlmethylathoxy)caftoonyllamino^3-[(triphenylm^^ 
[(phflnylmethoxy)carbonyll-L-valyt>1,2,3,4-tetrahydro-3-l8oqulnollnyl)-carbon 1,1-dl- 
methylathyl ester 

Compound A (1.0 g. 90%) was prepared as a white solid using Compound 32E (1.0 g. 1,19 mmol) and L- 
glutamine t-butyi ester HQ (0.284 g, 1.19 mmo\) in the method described in Example 32F. 
mp: 80-86**C 

TLC: R, : 0.82 (9/1 chloroform/methanol, visualization by UV) 
MS: (M+H)* 1026 

B, [R-(R\S*)l-N^[r2-[M-(2-Amlno-3-mercaptopropyl)-L-valyn-1,2,3,4>tetrahydro-3-te 
ny1}-L-fllutamlne, trifluoroacetate (1:2) salt 

The title cx)mpound (0.425 g, 56%) was prepared as a white lyophilate using Compound A (1.0 g, 0.976 
mnrK)l) in the method described in Example 32G. 
mp: 65-75*»C 

TLC: Rf : = 0.69 (6/3/1 n-propanol/ammonium hydroxide/water, visualization by eerie anrvnonium sulfate) 
MS: (M+H)* 494, free amine 
IR: (KBr), 1202. 1670, 2567 arr^ 

iH (CD3OD): 1.07. 1.08. 1.09 (d. 6 H. J = 7.6), 1.93 (br m. 1 H). 2.12-2.31 (m, 6 H). 2.78-3.49 (m, 5H), 4.23, 
4.25. 4.38, (br m. 2H). 4.64-4.91 (m, 3 H). 7.22-7.33 (m, 4 H) 
[ajjj = - 21.4*» ( c = 0.69. methanol) 
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Example 35 

[R-(R*,S*)}-2-[N-(2-Afnln<>-3-mercaptopropy1)-L-valylh1,2,3Atetrahydro-N-(tetrahydr^ 
nyl)-3-l8oqulnoMnecart)oxamide, trtfluoroacetate (2,5) salt 




Chiral * ISOMER "A* 
• ISOMER -B* 



A. [3S-[2(S*),3Rni-2-[N-[2-[[(1,1-Dlmethyiethoxy)caffaonyl]amino]-3-[(H 
[(pheny1methoxy)carfaony1]-L-valy1^1,2,3,4-tetrahydr<>-N-(tetrahydro-2-oxo-3-thleny1>-3-l^ 
carfaoxamlde 

Compound A (0.62 g. 63%) was prepared using D,L-Homocysteine thiolactone hydrochloride salt (0.16 g. 
1.04 mmol) and Compound 32E (0.88 g, 1.04 mmol) in the method described in Example 32F. 
TLC: R,0.37 (1/1 Hexane/ethyl acetate), visualized by UV, PMA 
MS : [M-Hr939- 

B. [R»(R*,S*)>2-[N-(2-Amlno-3>mercaptopropyt)-L-valyl)-1,2,3,4-tetrahydro-N-(tetrahydro-2-oxo-3-^ 
nyl)-3-l8oqulnollnecart)oxamlde, trtfluoroacetate (2,5) salt 

The title compound (0.056 g, 57%) was prepared as a mixture of Isomers using Compound A (0,40 g, 0.42 
mnnol) in the method described in Example 320. 

(Isomer "A") 



Elemental analysis for C22H32N4O3S2 
1.71 water -2.50 trifluoroacetic acid 





C 


H 


N 


Calculated: 


41.55 


4.90 


7.18 


Found: 


41.55 


4.60 


7.18 



TLC: Rf 0.5 

(9/1/.1,trichloromethane/methanol/acetic acid). Visualized by UV. PMA 

HPLC Rt 13.12 minutes (96%), 10-90% aqueous methan I with 0.2 % phosph ric acid buffer, 30 minutes gra- 
dient. 1.5 mL/minute. 220 nm, Cis (6.0 x 150 mm) column 
IR: (KBr) 2928, 1684. 1643, 1206, 1140. cvnr^ 
MS: [M+HlM6r 
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(Isomer "BT 



Elemental analysis for C22H32N4O3S2 
1.40 H2O. 2.20 trifluoroacetic acid 





C 


H 


N 


Calculated: 
Found: 


42.81 
42.64 


5.03 
4.81 


7.56 
7.85 



TLC:R,0.4 (6/3/1 n-propanol/ammonium hydroxide/water, visualized by UV. PMA) HPLC 14.0 minutes (99%), 
10-90% aqueous methanol with 0.2% phosphoric acid buffer, 30 minutes gradient. 1.5 mL/minute, Cie (6.0 x 
150 mm) column. 

IR (KBr) 2971, 1682, 1645, 1206, 1136, 723 cnr\ 
MS: [M+Hf 465* 

Example 36 

(S*,R>N^[P-[N^2-Amlno-3-mercaptopropy1)-L-valyl^1,2,3,4-tetrahydro-3-l8oqulnollriy1lcarbo 
asparaglne, trifluoroacetate (1:2) salt 




0 



A. (S^R>N^[P■[N■[2■^(1,1-Dlmethy^ethoxy)ca^faony^lamlnol■3■[(t^^phenylm9thy^)thlo]pro^ 
[(phenylmethoxy)carbonyl]-L-valyl}-1,2,3,4-tetrahydrO'3-l8oqulnolinytlcartonyl^L-a8para^ 
methytethyl ester 

Compound A (1.4 g. 93%) was prepared as a white solid using Compound 32E (1 .25 g, 1.5 mmol) and L- 
asparagine t-butyl ester (0.282 g. 1.5 mmol) In the method described in Example 32F. 
mp: 88-96*C 

TLC: R( : = 0.34 (2/1 hexane/acetone. visualization by UV) 
Ms: (M+H)* 1012 

B. (S*,R>N^[[2-[N-(2-Anilno-3'mercaptopropy1)-Lwalyl>1,2,3Atetrahydro-lsoqulnollny1]carbon^ 
asparagine, trifluoroacetate (1:2) salt 

The title compound (0.14 g, 18%) was prepared as a white ly phitate using Compound A (1.14 g, 1.13 
mnDol) in th m th d described in Example 32G. 
mp: 95-11 O^'C 

TLC: Rf : = 0.60 (6/3/1 n-propanol/ammonium hydroxide/water, visuallzati n by eerie ammonium sulfat ) 
MS: (fA^HY 480, free amine 
IR: (KBr). 1204. 1674. 3424 em-i 
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iH (CD3OD): 1.02. 1.04, 1,15 (d. 6 H, J = 6.84 J.27). 1.98, 2.20 (brm. 1 H), 2.51-2.89 (m, 5 H), 3.08-3.51 (m. 
5H). 4.65-4.89 (m. 4 H), 7.22-7.24 (m, 4 H) 
(a]D = - 1 6. 1 ( c = 0.54. methanol) 

Example 37 

(S* ,R*)-N-[[2-[(2-Amlno-3-mercaptopropyl)-L-valyll-1 ^,3, 4-tetrahydro-3-l8oqulnollnyflcarfaonyll-L- 
norleuclne, trifluoroacetate (1:2) salt 




A. (S\R*VN-[I2-[N-[2-[[(1,1-Dlmethylethoxy)carbonyllaminol-3-[(triphenylmethyl)th 

nylmet hoxy)cart)onyll-L-valyl]-1 ,2,3,4-tetrahydro-3-i8oquinoIlnyl]cart)onyl}-L-nor leucine, methyl es- 
tor 

Compound A (1 .265 g. 79%) was prepared as a white solid using Compound 32E (1 .39 g. 1 .65 mmol). nor- 
leucine methyl ester hydrochloride (0.3 g, 1.65 mmol) and benzotriazol-1-yloxytris-(dimethylamino)phospho- 
nium hexafluorophosphate (0.73 g, 1.65 mmol) in acetonitrile (9 mL) and dimethylformamide (3 mL) in the 
method described in Example 32F. 
mp: 58-68X 

TLC: Rf : 0.37 (4/1 hexane/acetone, visualization by UV) 
MS: (M+H)* 969 

B. (S*,R*)-N-[[2-[N-[2-[[(1,1-Plmethylethoxy)cart)onyl]amlno]-3- (triphenylmethyl)thlolpropyll-N-(phe- 
nylnrwthoxy)carfaonyll-L-valyll-1,2,3,4>tetrahydro-3-l8oqulnollnyncafbonyi>L-norleucine 

Compound B (1.1 g, 98%) was prepared as a hygroscopic solid using Compound A (1.14 g, 1.18 mmol) in 
the method described in Example 32C. mp: 86-94*'C 

TLC: Rf = 0.53 (9/1/0.05 chloroform/methanol/acetic add. visualization by eerie amnronium sulf ate/ammonium 
molybdate/sulfuric acid/water) 
MS: (M+H)* 955 

C. (S^R>N■[I2^[(2■Amlno■3■me^captop^opyl)^L■valyl^1,2,3,4■tat^ahydro^^■lsoqulnollnyl^^ 
norleuclne, trifluoroacetate (1:2) salt 

The title compound (0.248 g. 33%) was prepared as a white lyophilate using Compound B (1.0 g. 1.05 
mmol) in the method described in Example 32G. 
mp: 80-90X 

TLC: Rf : = 0.69 (6/3/1 n-propanol/ammonium hydroxide/water, visualization by eerie ammonium sulfate) 
MS: (M+H)* 479. fre amin 
IR: (KBr). 1674. 3435 arr^ 

Elemental Analysis for 
C28H40N4F6S . 1.29 H2O 
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£ H U S EL 

Calculated: 46.07 5.88 7.68 4.39 15.62 
Found: 46.39 5.82 7.36 4.45 15.53 

iH (CD3OD): 0.83-1.31 (m. 13 H), 1.4&-1.82 (m. 4 H). 2.10. 2.21 (br m, 1 H), 2.75-3.77 (m. 5 H). 4.06-4.34 (m. 
2 H), 4.51-4.89 (m, 3 H). 7.22-7.29 (m 4 H). 
[a]D = - 27.7' ( c = 0.43. methanol). 

Example 38 

(S*,R>N^^2■[N^(2^Alnlno-3-me^captopropyl)^L-valyl^1,2,3Atetrahyd^o■3^l8oquino^lnyllcart 
(amino8ulphony1>-L-a-amlnobutyric acid, trtf luoroacetate (2:5) salt 




A, (S)-4-(Amlnosulf6nyl)-2-aminobutyrlc acid, methyl eater, hydrochloride 

Hydrochloric add gas is bubbled in a solution of (S)-4-(Amlnosulfonyl)-2-amlno-butyric acid (0.50 g, 2.7 
mmol) in methanol (100 mL) at room temperature. The reaction mixture was stirred for 13 hours, and concen- 
trated. The residue was triturated with ether to afford Compound A as a solid (0.55 g. 100 %). 

B. (S^R*)^(Amlnoau^fonyl)-N^[[[2-[N^P^^(1,1^dl™thylethoxy)carii>onyllamlno^^ 
thiolpropyl>N-I(phenylmethoxy)cartoonyq-L-valylH,2,3,4>tetrahydro-^lsoqulnollnyllcariaon -L-a- 
aminobutyric acid, methyl ester 

Compound B (0.428 g. 68%) was prepared using Compound A (0.123 g, 0.61 mmol) and Compound 32E 
(0.51 g, 0.61 mmol) in the method described in Example 32F. 



Elemental analysis calculated for 
C55H65N5O10S2 2.73 H2O 




C 


H 


N 


Calculated: 


61.77 


6.64 


6.55 


Found: 


61.72 


6.11 


6.52 
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C. (S*,R*)^(Amlnosu>fonyl)-N-[I2-[N-[2-[I(1,1-dlm9thy1ethoxy)cart>onyllamlno>3-M^ 
tfaiolpropy»l-N-[(phenylmethoxy)caffeonyl]-L-valyll-1>2,3Atetrahydro-3-l8oqulnolinyt]^ 
amlnobutyilc add 

5 Sodium hydroxide (IN, 0.47 mL. 0.018 g. 0.47 mmol) was added to a solution of Compound B (0.40 g, 

0.39 mmol) in methanol (2 mL). After stirring for 13 hours at room temperature, the reaction was quenched 
with 10 % hydrochloric acid (10 mL) and ethyl acetate (20 mL). The layers were separated and the aqueous 
layer was extracted with ethyl acetate (2 x 20 mL). The combined organic layers were washed with 10% hy- 
drochloric acid (1x10 mL) and brine (1 x 20 mL). The organic layer was dried over n^agnesium sulfate, filtered 

10 and concentrated to afford the acid. The product was purified by prep HPLC (YMC S-1 0. ODS, 30 x 500 mm, 
CI 8 column) eluting with 1 0-90% aqueous methanol containing 0. 1 % trif luoroacetic acid, gradient over 30 min- 
utes. The fractions with product were concentrated, and lyophilized to afford the acid Compound C (0.065 g). 

D. (S\R*)-N-[(2*[N-(2-Amlno-3-mercaptopropyl)-L-valyll-1,2,3,4^tetrahydro-3-to^^ 
IS Y-(amlnosulphonyl)-L>a-amlno-butyric acid, trifluoroacetate (2:5) salt 

The title compound (0.0329 g, 63%) was prepared using Compound C (0.100 g. 0.095 mmol) in the method 



described in Example 32G. 



20 


Elemental analysis for C22 




0.75 H2O. 2.5 TFA 










C 


H 


N 




Calculated: 


39,16 


4.75 


8.46 


25 












Found: 


39.15 


5.00 


8.36 



R, = 0.6 (6/3/1 n-propanol/ammonium hydroxide/water), Visualized by UV, PMA HPLC 11 .05 minutes (97%), 
10-90% aqueous methanol with 0.2 % phosphoric acid buffer, 30 minutes gradient, 1.5 mL/minutes, 220 nm, 
^ Cie (6.0 X 150 mm ) column 

IR: (KBr) 3439, 1678, 1653, 1437. 1206, 1142, 723 cm-i 

MS: [M+H] *530 * 

[a] 0 = -16.3** (c = 0.19, methanol) 

^ Example 39 

(S*,R>N-[r2[N^2-Amlno-4Hfnercaptopropyl)-L-valyll-1,2,3,4^tetrahydro-3-l8oqulnollnyll^ 
glutamic acid, trifluoroacetate salt 

40 



45 



50 




A, L-fllutamIc a Id, 1,1-dlmethylethyl star 

55 

Aqueous sodium bicarbonate (10%. 1 50 mL) was added to a slurry of N-[(Phenylmethoxy)carbonyll-L-glu- 
tamic acid, 1,1-dimethyiethyl ester, dicydohexylamine salt (2.3 g, 4.43 mnwl) in ether (50 mL). The aqueous 
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10 



IS 



20 



25 



30 



35 



40 



layer was acidified with 3N hydrochloric acid (pH = 2) and extracted with ethyl acetate (3 x 50 mL). The conrv 
bined organic extracts from the acid wash were concentrated under vacuum. The residue was dissolved in 
methanol (10 mL), treated with 10% palladium hydroxide/C (150 mg) and stirred under a hydrogen atnrK)sphere 
at room temperature for 16 hours. The reaction was filtered and the filtrate concentrated under vacuum to afi 
ford Compound A (0.700 g. 78%) which was used without further purification. 
MS: (M+H)* 204 

iH(CD30D): 1.52 (s. 9 H), 2.00-2.43 (m, 2 H). 2.41 (t 2 H. J = 6.41), 3.87-3.90 (m, 1 H) 

B. (S\R>N-[[2-[N-[2-n(1»1-Dlniethylethoxy)cartoony1lamlnol-3-[(triphenylm9thyt)thlolp 
nylmethoxy)carfaonyl^LwalyllO,2,3Atetrahydro-3-teoqulnollnyllcart)onyll-L-glutamlc acid, 1,1-dlnfw- 
thyl ethyl ester 

1-(3-Dimethylaminopropyl)-3-ethylcart)odiimide hydrochloride (0.228 g, 1.19 mmd) was added to a solu- 
tion of Compound 32E (1.0 g, 1.19 mmol) and N-hydroxysuccinimide (0.137 g. 1.19 mwo\) in dimethylforma- 
mide (10 mL) and was stirred for 1 hour at OX. Sodium bicartwnate (0.084 g, 1.0 mmol) was added to Conrv 
pound A (0.201 g, 1.0 mmol) in water (1 mL) and the solution was added to the activated ester. The mixture 
was then stirred at room temperature for 16 hours. The reaction was quenched with IN hydrochloric acid (50 
mL), and extracted with ethyl acetate (3 x 50 mL). The combined organic extracts were washed with 1 0% lithium 
chloride (3 x 100 mL), dried (magnesium sulfate), filtered and concentrated under vacuum. The residue was 
purified by flash chronratography (eluting with 1/1 hexane/acetone) to afford Compound B (0.55 g, 54%) as a 
white solid, 
mp; 78-88X 

TLC: R< : 0.68 (1/1 hexane/acetone, visualization by UV) 
MS: (M+H)M027 

C. (S*,R>N-n2[N-(2-Amlno-^Mnercaptopropyl)-L-valyl^1,2,3,4-tetrahydro-3-lsoqulnonnyl>carbo 
L-glutamIc acid, trtfluoroacetate salt 

The title compound (0.123 g, 35%) was prepared using Compound B (0.5 g, 0.487 mmol) in the method 
described in Example 32G. 
mp: 115-125*»C 

TLC: Ri : = 0.40 (6/3/1 n-propanol/ammonium hydroxide/water, visualization by eerie ammonium sulfate) 

MS: (M+H)^ 495. free amine 

IR: (KBr). 1431, 1672. 2976. 3428 cm-^ 



Elemental Analysis for CzaH^NiOeS . 1.4 H2O . 1.8 TFA 




C 


H 


N 


S 


E 


Calculated: 
Found: 


44.06 
44.13 


5.37 
5.21 


7.73 
7.60 


4.42 
4.45 


14.15 
14.02 



45 



m (CD3OD): 1.026-1.15 (m. 6 H). 1.89-2.37 (m. 6 H), 2.71-3.31 (m. 6 H), 3.60. 4.05. 4.27. 4.61 (br m, 2 H). 
4.67-4.91 (m. 3 H). 7.22-7.27 (m, 4 H) 
[a][j = - 41 .8*' ( c = 0.33. methanol) 



so 



55 
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Example 40 

(S*,R>N^[[2-IN^2-Amlno-3-mereaptopropyl)-L-valyli-1,2,3,4-t9trahydro-3-l8oqulnollny1 
hydroxy-L-fllutamlno, trifluoroacetate (1:2) salt 




A. (S^R>N^[[2^[N■[2■^(1,1■Dimethylethoxy)ca^feonyllamlno^3■[(trlphenylmethylH 
[(phenylmethoxy)caffaony11-L-valyl>1,2,3,4-tetrahydro-3-l8oquinonnyllcaftoonyll-N«-(tetrahydr^ 

2-y loxy)-L-gluUmlne,1 >1»dlmet hylet hy I ester 

Compound A (0.50 91%) was prepared as a white solid using Compound 39B (0.5 g, 0.487 mmol) and 
Compound 20A (0.057 g. 0.487 mmol) in the method described In Example 32F. 
mp: 70-80°C 

TLC: Rf : 0.75 (1/1 hexane/acetone. visualization by UV) 
MS: (M+H)* 1126.5 

B. (S*,R*)-N^n2"[N-(2-Amlno-3-mercaptopropylK-valyl>1»2,3,4>tetrahydro-3-l8oqulnollnyl>cartoo^ 
nyll-N^hydroxy'L-glutamlne, trifluoroacetate (1:2) salt 

The title compound (0.050 g, 1 6%) was prepared as a white tyophitate using Compound A (0.471 g. 0.419 
mnrx)l) in the method described in Example 32G. 
mp: decomposition at>ove 95*'C 

TLC: Rf : = 0.52 (6/3/1 n-propanol/ammonium hydroxide/water, visualization by eerie ammonium sulfate) 

MS: (M+H)* 510. free amine 

IR: (KBr). 1204. 1676, 2976, 3430 cm-i 



Elemental Analysis for C23H36N5O6S . 1.0 H2O . 2.15 TFA 




C 


H 


N 


S 


E 


Calculated: 


42.43 


5.11 


9.06 


4.15 


15.86 


Found: 


42.46 


4.96 


8.99 


4.41 


15.85 



1 H (CD3OD): 1 .07-1 .25 (m, 6 H). 1 .97-2.30 (m. 7 H). 2.75-3.40 (m. 5 H). 3.80, 3.95, 4.40 (br m, 2 H), 4.60-5.00 

(m, 3 H), 7.22-7.35 (m. 4 H). 

(aJo = - 23.2** ( c = 0.22, methanol). 
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Example 41 

[R-(R\S*)^W-[[2-IN-(2-Amlno-3-mercaptopropyl)-L-valyll-1,2,3,4>tetrahydr^^ 
L'tnethionlnamlde, trifluoroacetate (1:2) sail 



10 



15 



20 




A- (S*,R>N^[[2-[N-[2-[[(1,1-Dlmethytethoxy)cartonyllamlno]-3-[(triphenyln^^ 
[(pheny!methoxy)caftoonylK-valylV1,2,3,4-tetrahydro-3-l8oqulnollny11cart>on^ 

25 

Compound A (633 mg, 65%) was prepared using Compound 32E (841 mg, 1.00 mnrwl) and L-methionina- 
mlde hydrochloride (185 mg. 1 .00 mmol) in the method described in Example 32F. 

B. [R-(R*,S*))-N-[[2-rN-(2-Amlno»3-mercaptopropyt)-L-valy11-1,2,3,4-tetrahydro-3-l8oqulnoll^ 
30 nylVL-methloninamlde, trifluoroacetate (1:2) salt 

The title compound (0.13 g, 45%) was prepared using Compound A (0.579 g, 0.596 mmol) in the method 
described in Example 32G. 



Elemental analysis for C23H37N503S2 
1.30 H2O. 2.0 TFA 





C 


H 


N 


Calculated: 


43.39 


5.61 


9.37 


Found: 


43.39 


5.64 


9.44 



TLC: R, 0.5 (6:3:1. n-propanol/ammonium hydroxide/water), Visualized by UV, PMA HPLC Rt 14.1 minutes 
(96%), 10-90% aqueous methanol with 0.2% phosphoric add buffer. 30 minutes gradient, 1.5 mL/minutes. 220 
^ nm, Cie (6.0 x 150 mm) column. 

IR: (KBr) 3435, 2972. 1678. 1435, 1206. 1140, 841. 723 cmr^ 
MS:[M+Hr496* 

[aJo = -23.6'* (c = 0.44, methanol) 
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Example 42 



N-B(S)-2-[N-I(R)-2-Amlno-3-mercaptopropyl)-L-valyl^1,2,3^tetrahydr<>-3-l8oqu^ 
methyl-PL-methlonine, trtfluoroacetate (1:2) salt 



A- 2-Methyl-DL-methlonlne, methyl ester 

A solution of D,L-a-methylmethionine (0.500 g, 3.06 mmol) in 20 mL of methanol was saturated with hy- 
drochloric acid (g). stirred 48 hours at room temperature, and then heated at reflux for 12 hours. The mixture 
was concentrated in vacuo. The residue was disolved In 50 mL of dichtoromethane and washed with 10% so- 
dium bicartx>nate (50 mL). The organic layer was dried (sodium sulfate), filtered and concentrated under va- 
cuum to afford 320 nng (59%) of Compound A. 

B. N■[I(S)^2■[N-[(R)^2^[[(1,1■Dlmethy^ethoxy)carbor1yl]amlno^3^[(triphenytmethy^)thlolp^opyl^^^^^ 
riylmethoxy)carbonyll-L-valyl]-1,2A4-tetrahydro-3'lsoqulnollnyllcarfeonyl]-DL-methlonlne methyl 
ester 

Compound 6 (0.766 g. 77%) was prepared as a white solid using Compound 32E (0.841 g, 1.00 mmol) 
and Compound A (0.195 g. 1 .10 mnrtol) in the method described in Example 32F. 

C. N■[[(S)-2■[N^[(R)■2■[[(1,1■Dlmethylethoxy)ca^faonyllam^no^3■[(trlphenylmethy^)thlolp^opyll■N^(phe^ 
nylnrwthoxy)carfaonyl>L-valyn-1,2,3,4-tetrahydro-3-teoqulnollnyllcartoonylVDLHfnethl^ 

Compound C (0.716 g, 98%) was prepared using Compound B (0.74 g. 0.740 mmol) in the method descri- 
bed in Example 32C. 

D. N-[[(S)-2-[N-[(R)-2-Amlno-3-mercaptopropyl^L-valyll-1^,3Atetrahydro-3-lsoquln 
2-methyl'-DL-methlonlne, trtfluoroacetate (1 :2) salt 

The title compound (0.095 g, 29%) was prepared as a white lyophilate using Compound C (0.400 g, 0.406 
mmol) in the method described in Example 32G. 
mp: 95-110''C 
MS: (M+H)*511 
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Example 43 

(S*, R>N-[I2-[N-(2-Amlno-3-mercaptopropyl)-L-alanyll>1,2,3,4-tetrahydro-3-lsoqulnollnyllcart 
methionine 



Chiral 




A. (S*,R>N-n2-[l^[2>[[(1,1-Plmethy1ethoxy)carfaonyl]amino]-3-[(triphenylmethyl)thlolpropyll-L-^ 
nyll-1,2,3,4"tetrahydro-3-l8oqulnollnyl]cart)onyll-L-methlonlne, methyl ester 

Compound A was prepared as a clearoil (700 n>g, 28%) using Compound 7A(1 .50 g, 3.04 nrunol) and Conv 
pound IF (2.10 g, 4.74 mmol) in the two step procedure described in Example 7B. 

B. (S*,R>N-[[2-[N-(2-Amlno-3-mercaptopropyl)-L-alanyll-1,2,3,4-tetrahydro-3-l8oqulnollnyllcarbonyll- 
L'methlonlne 

The title compound (96 rng, 15%) was prepared using Compound A (700 mg. 0.85 mmol) in the two step 
procedure described in Example 1H. 

m.p. 89-90 *C. Purity > 98%. [ah^ = - 32.r (c=1.0, methanol). MS (M+H)*469*. Analysis: calculated for 1.90 
trifluoroaceticacid • 3.17 water C. 40.12; H. 5.46; N. 7.55; F, 14.59; Found: C. 40.12; H, 5.05; N, 7.31; F,14.24 
1H-NMR (CD3OD. 270 MHz) d (ppm) 7.16 (4H, m), 4.71 (2H. m). 4.57 (2H. m), 4.43 (1 H. m), 4.32 (1 H, m), 3.98 
(1H, m), 3.56 (1H, m). 3.33-3.02 (2H. m), 2.84 (2H, m). 2.37 (1H, m). 1.98 (2H. m). 1.89 (1H. m), 2.10-1.76 
(3H, m). 1.57 (2H. m). 1.43 (1H. m) 
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Example 44 

(S^R>N■[I2-[N-(2-Amlno■3■me^Mptopropy^)^L-^eucyl^1,2,3>4-tet^ahydro-3-^8oquino 
methionine, trifluoroaceata (1:2) salt 




25 A. (R>N-[[2-[N-[(1,1-Plnwthylethoxy)carbonyll-L-leucyll-1,2,3,4-tetrahyd^^^ 
nyll-L-methlonlne, methyl ester 

N-t-Butytoxycart>onyl-L-leucine (1.0 g. 4.01 mmol) and Compound 1B (hydrochloride, 1.43 g, 4.01 mmol) 
were dissolved in dichlofomethane (10 mL). Bromo-tris-pyrrolidino-phosphonium hexafluorophosphate (2.10 

30 g, 4.41 mmol) and 4-dimethylaminopyridine (100 mg, 0.815 mmd) were added. N.N-Diisopropylethylamine 
(1.49 g, 2.0 mL. 11.5 mnfK>l) was added dropwise. The reaction mixture was stirred for 2 hours at room tenv 
perature. concentrated and chromatographed (silica gel. 5.0 X 15 cm, 40% ethyl acetate. 60% hexane). Frac- 
tions containing the desired compound were collected and concentrated to yield Compound A as a clear oil 
(2.0 g. 93 %). 

35 (M+H)* 536* 

B. (S*.R*)-N-[I2-IW-[24I(1,1'D»methylethoxy)carfaonyllamlnol-3-[(triphenylmethyl)thto^^ 
cyll-1,2,3,4-tetrahydro-3-l8oqulnolinyllcart)onyl}-L-methlonlne, methyl ester 

40 Compound B (600 mg, 25%) was prepared as a dear oil using Compound A (1,6 g. 2.81 mmol) and Conv 
pound IF (1.43 g. 2.81 mmol) in the two step procedure described in Example 7B. 
(M+H)* 86r 

C. (S*>R>N-B2-[N-(2-Amlno-3-mercaptopropyl)-L-leucyll-1,2,3Atetrahydro-3-l8oqulnollnyl]carfaonyl)- 
45 L*methlonlne, trifluoroaceata (1:2) salt 

The title compound (200 mg, 38%) was prepared using Compound B (600 nr^g, 0.693 mmol) in the two step 
procedure descrit>ed in Example 1H. 
M.R 85-86**C, Purity > 98.4 %. 
so [a]D« = -35.3* (c=0.1 5, methanol), 

MS (M+H)* 5ir, Analysis: calculated for 1 .95 trif luoroacetic acid • 0.95 water 
C. 44.67; H. 5.62; N. 7.47 
Found: C, 44.36; H, 5.75; N, 8.09 

tH-NMR (CDjOD, 400 MHz) d (ppm) 7.26 (4H. m). 4.68 (2H, m), 4.51 (1 H, m), 4.40 (1H. m), 4.24 (1 H, m). 3.62 
55 (1H. m). 3.34 (2H, m). 3.10 (2H. m). 2.82 (2H, m), 2.46 (2H, m), 2.06 (3H, m), 1.90 (2H, m), 1 .72 (1H. m). 1.62 
(1H, m). 1.46 (1H, m), 1.03 (6H. m) 
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Example 45 

[R*[R*(S*)l>N-[[2-[2-[(2-Amlno-3-mercaptopropyl)amlnol-1-oxobutyl^1,2,3Atetrah 
nyllcarfaonylj'L-inethlonine, trtfluoroacetate (1:1) salt 



10 



IS 




20 contains 1.5 H20 



A. (S)-2-[I(1,1-Dlmethylethoxy)cart>onyl]amlnolbutyrlc acid 

25 A mbcture of (SH+)-2-aminobutyric acid (5.0 g, 48.5 mmol), sodium hydroxide pellets (2.0 g. 50 mmol), 
water (5 mL), t-butanol (20 mL), and di-t-butyldicaitonate (11.0 g. 50 mmol) was stirred at 25X for 18 hours. 
The mixture was then poured into water and washed with ether. The aqueous layer was acidified by addition 
of dilute hydrochloric acid and was extracted with ethyl acetate (2x). The extract was dried and concentrated 
to give Compound A as a colorless oil (10.3 g, >100%), which was used without further purification. 

30 

B. (R^R>N■[I2^[2-[[(1J■Dlmethylethoxy)carbonyllamino^1^oxobutyl^1,2,3Atetrahydro-3■lsoquinol^ 
ny11carfaony1H--methlonlne, methyl ester 

A mixture of Compound A (550 mg. 2.7 mmol). Compound 1 B hydrochloride (895 mg, 2.5 mmol), diisopro- 
35 pylethyl amine (0.70 mU 4 nrvnol). 4-dimethylaminopyridine (61 mg. 0.5 mmol) and bromotris-pyrrolidino-phos- 

phonium hexaf luorophosphate (1 .86 g, 4 mnrwl) in methylene chloride (10 mL) was stirred at 25°C for 20 hours. 

The mbcture was then poured into IN hydrochloric acid solution and extracted with ethyl acetate. The extract 

was washed with saturated aqueous sodium bicarbonate solution and brine, dried, and concentrated in vacuo. 

The residue was purified by flash chromatography on silica gel (300 g, EM), eluting with hexane:ethyt acetate 
40 (1:1) to give Compound B as a dear oil (600 mg. 47%). 

C. [R*[R*(S*)I>N-n2-[2-[[2-[[(1,1-Dlmethylethoxy)carbonyllamlnol-3-[(fa1phenyf methyl)^ 
pyllamlnol-1-oxobutyll-1 >2,3,4-tetrahydro-3-l8oqulnoHnyllcarbonyll-L-fnethlonlne, methyl ester 

45 A solution of Compound B (600 nr)g, 1.18 mmol) in acetic acid saturated with hydrogen chloride (10 mL) 
was stirred at 25°C for one hour, after which it was concentrated in vacuo to give Compound B (450 mg. 94%). 
To a solution of this notarial (443 mg, 1.0 mmol) in methanol (2 mL) was added Compound IF (445 mg, 1.0 
mnwi). After 30 minutes, acetic acid (0.2 mL) and sodium cyanoborohydride (63 mg, 1.0 mmo\) were added, 
and the resulting mixture was stirred at 25*'C for 48 hours. The mixture was then poured into excess IN hy- 

50 drochloric acid and extracted with ethyl acetate. The aqueous layer was made basic by addition of sodium bi- 
carbonate and was extracted again with ethyl acetate. The extracts were combined, dried and concentrated 
in vacuo. Th residue was purified by flash chromatography n silica gel (60 g. EM), eluting with hexane:ethyl 
acetate (1:1). to gw a high R, product (BOC-trityl-cystein I), followed by Compound C (100 mg. 12%). 

55 D. [R*IR*{S*)l}-N-n2-[2>[(2*Amlno-3'mercapt propyPamln H-ox butylH,2,3,4^tetrahydro-3-lsoquU 
n llnyl] arbonyl]-L-methlonlne, trlfluorcacetate (1:1) salt 

A mbcture f Compound C (100 mg), sodium hydroxide (1 mL of 1N aqueous solution), tetrahydrofuran (2 
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mL) and m thanol (2 mL) was stirred at 25''C for 2 hours, after which it was poured into excess 1 N hydrochloric 
acid and extracted with ethyl acetate. The extract was dried and concentrated to a glass (90 nng). The glass 
was dissolved in trifluoroacetic acid (2 mL), and triethylsilane (0.2 mL) was added. The mixture was stirred 
for one hour at 25*C. after which it was concentrated in vacuo. The residue was purified by preparative HPLC 

5 (YMC S- 1 0 ODS column, 30 x 500 mm. eluting with 50 mL/minute of a linear gradient from 1 0% to 90% aqueous 
methanol containing 0.1% trifluoroacetic acid over 30 minutes). Fractions were monitored by UV absorbance 
at 220 nm. Those containing the first major product to elute were combined and concentrated. The residue 
was lyophilized to give the title compound as a hygroscopic white solid (30 mg, 52%). 
mp: 85-95**C 

10 (a][>: -31 ** (c = 0. 1 , ethand) 

IR (KBr): 3435, 2924, 1674, 1431 cwr^ 
MS: 483* (M+H)* 

iH NMR: (CD3OD) 1.1 (6H, m), 1.97 & 2.07 (3H. s (rotamers)), 1.8-4.9 (20H. m), 7.25 (4H. m). 
TLC: Rf 0.15. EM silica gel. 2:1 ethyl acetate : [pyridine 20:acetic acid 6 water 111, UV ♦ PMA stain 
15 HPLC: > 90% at 14.9 minutes (YMC S3 ODS column. 6.0 x 150 mm. eluted with a 30 minutes linear gradient 
from 10% to 90% aqueous methanol containing 0.2% phosphoric acid, monitored at 220 nm) 
Analysis: Calculated for C22H3iN404S2 . 1.90 trifluoroacetic acid . 1.5 water 
Calculated: C = 42.66 H = 5.40. N = 7.71, S = 8.83. F = 14.91 
Found: C = 42.81, H = 5.32. N = 7.77, S = 8.99, F = 14.81 

20 

Example 46 

(S*,R>N-{I2-[2-[(2-Amlno-3-nrwi^ptopropyl)amlno]-4-nfWthy1pentyl^1,2,3Atetrahydro-3-isoqul^ 
nyllcart)onyll-L>methlonine, trifluoroacetate (2:3) salt 

25 



30 



35 



40 




45 A. N^[(1,1-Dlmethylethoxy)cartoonyll-N-methoxy-N»methyi-L-leuclnamlde 

N-t-Butyloxycarbonyl-L-leucine (3.0 g. 12.05 mnwl) and N,0-Di methyl hydroxytamine hydrochloride (1.3 
g, 13.25 mmd) were dissolved in dichloromethane (100 mL). Bromo-tris- pyrrol id inophosphonium hexafluofo- 
phosphate (6.18 g. 13.25 mnrK)l) and 4-dimethyiaminopyridine (300 mg, 2.45 mmd) were added. N.N-Oiiso- 
50 propylethylamine (3.71 g, 5.0 mU 28.65 mmol) was added dropwise. The reaction mixture was stirred for 4 
hours at room temperature, concentrated and chromatographed (silica gel, 5.0 X 15 cm. 40% ethyl acetate. 
60% hexan ). Fractions containing th desired compound were collected and concentrated to yield Compound 
A as a slightly yell w il (2.8 g. 80 %). 
(M ♦ H)*275* 

55 

B. {1-Formyl-3-fnethy1butyl)carfaamlc a Id, 1,1>dlm thylethyl ester 



Compound A (2.8 g. 9.61 mnrwl) was used in the method described in ExampI IF to prepare Compound 
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B as a dear oil (2.1 g, 99%) which was used immediately in the next step without further purification. 

C, (R^R>N^[P^[2-I[(1,1-Dlmethylethoxy)carfaony^lamlnol^4^methytpenty^^1>2,3^^^ 
quInoilnyllcaftoonyll'L'methlonlne, methyl ester 

5 

Compound 1A(3.0 g. 7.11 mmol) was stirred In dimethyl sulfide (1.0 mL) and 4N hydrochloric acid in di- 
oxane (20 mL) for 30 minutes. The mixture was concentrated, dissolved in methylene chloride (30 mL) and 
concentrated. This procedure was repeated five times to yield the amine as a dear glass. This amine and Conrv 
pound B (2.1 g. 9.60 nrunol) were dissolved in methanol (20 mL) and glacial acetic add (0.4 mL). Sodium cy- 
10 anoborohydride (447 nr>g. 7.1 1 mmol) was added portionwise over 30 minutes. The reaction mixture was stirred 
for 16 houre. The mixture was cooled to O'^C and saturated sodium bicarbonate (100 mL) was slowly added. 
The product was then extracted into ethyl acetate (100 mL). The ethyl acetate layer was washed with water 
(200 mL) and brine (100 mL). dried (nnagnesium sulfate), concentrated and chromatographed (silica gel, 4.1 
X 15 cm, 25% ethyl acetate. 75% hexane). Fractions containing the desired compound were collected and cen- 
ts centrated to yield Compound C as a dear oil (2.3 g, 62%). 
(M+H)* 522* 

D. [R*R*(y)l>N-[[2-[2-[I2-[I(1,1*Dlmethylethoxy)carfaony11amliio^3-[(triphenylmethy^ 
pyllaininol-4-methylpentyll-1 >2,3,4-tetrahydro>3-lsoqulnollnytlcart)onyll-L-met hlonlne, methyl ester 

20 

Compound D (500 mg, 24%) was prepared as a dear glass using Compound C (1.3 g, 2.49 mmol) and 
Compound IF (5.1 g, 11.4 mmol) in the two step method described in Example 46C. 
(M+H)*853* 

25 E. (S^R>N■[I2^[2■[(2■Amlno-3■mercaptopropyl)amlno^4■methylpef1tyl^1A3,4^tata^ 
llnyllcaibonylhL'methlonlne, trtfluoroacetate (2:3) salt 

The title compound (35 mg, 24%) was prepared using Compound D (500 n^g. 0.587 mmol) in the two step 
method described in Example 1H. 
30 M.P. 118.119*»C. Purity > 98% 

(alo« - 29.2 (c=0.1.2 methanol). MS (M+H)* 49r 

Analysis: Calculated for 2.80 trifluoroacetic add • 3.50 water C, 40.44; H. 5.71; N. 6.37; 
Found: C. 40.47; H, 5.35; N. 6.52 

H-NMR (CD3OD. 400 MHz) d (ppm) 7.14 (4H. m). 4.53 (1H, m). 4.10 (2H, m). 3.87 (1H. m). 3.60 (1H. m). 3.09 
35 (4H. m), 2.85 (4H, m), 2.42 (1H, m), 2.31 (1H. m), 2.08 (1H, m). 1.98 (3H. s). 1.92 (1H, m), 1.53 (2H, m). 1.30 
(1H.m).0.84 (6H. m) 
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Example 47 



(R)-N-[[2-[1-[(2-amlno-3-mercaptopropy1)-L-prolyl>1,2,3Atetrahydro-3-isoqu 
thionlne, trtfluoroacetate (1:2) salt 



H2N- 




S 



H 



\ 



A. (R*)-N^[[2■[1■[(1,1■Dlmethyl9thoxy)cafbonyl^L^)^olyl^1,2,3,4^t9trahyd 
L-methtonlne, methyl ester 

Compound IB (hydrochloride, 1.88g, 4.1 mmol) was combined with N-t-butyloxycarbonyl-L-proline (0.881 
g, 4.1 mnrol), bromo-tris- pyrrol id Inophosphonium hexafluorophosphate (1.91 g, 4.1 mnnol) and diisopropyle- 
thylamlne(2.1 mU 12.3 mnrwl) in methylene chloride (40 mL). This was allowed to stir for 2 hours at room tem- 
perature followed by concentration under vacuum. The residue was chromatographed (silica gel, 7.1 X 20 cm, 
50% ethyl acetate, 50% hexane) and fractions containing the desired compound were collected and concen- 
trated to yield Compound A as a glass (yield; 1 .88g, 72%). 
MS (M+H)* 520* 

B. (S*,R*)-N-[I2-[1>[2-[[(1,1-Plmethylethoxy)carfeonyllamlnol-3-[(trlphenylmethyl)thlolpropylhL-pro- 
lylH,2,3,4>tetrahydro-3-l8oqulnollnyllcarfconyll-L-methlonlne, methyl ester 

Compound B (5.21 mg, 25%) was prepared using Compound A (1.38g, 2.66 mnwl), Compound 1F (1.28 
g, 2.88 mmol) and sodium cyanoborohydride (167 mg, 2.6 mmol) in the two step procedure described in Ex- 
ample 7B. 
(M+H)* 851* 

rf 0.75 (chloroform, methanol acetic acid, 85:10:5) 

C. (R)-N-r[2-[1-[(2-amlno-3-mercaptoprDpyl)-L-prolyl^1A3Atetrahydro-3-l8oqulnollnyl]ca^^ 
methionine, trtfluoroacetate (1:2) salt 

The title compound (70 mg. 15%) was prepared as a white powder using Compound B (520 nr>g, 0.61 mmol) 
in the two step procedure described in Example 1H. 
(M+H)*495*. 

mp 69-7rC, iH-NMR(CD30D, 400 MHz) d (ppm) 7.15 (4H, m), 4.91 (1H. t), 4,63 (4H. m). 4.40 (1H, m). 4.20 

(1H,dd). 3.85(1H. m), 3.65(4H,m), 3.42(1 H,dd). 3.27(1H,m), 3.08(1H,dd), 2.80 (2H,m), 2.40(1 H.m). 2.18(1 H,m). 

2.00(1. 5H,s), 1.99(3H, m). 1.89(1.5H.s). 

El mental Analysis for C23H34N404S2-2.35C2HF302, 0.65 water; 

Calculated: C 42.97, H 4.90, N 7.24, S 8.28, F 17.30 

F und:C 42.67, H 4.78, N 7.05, S 8.63, F 17.13 

[a]o^ -60.4** (c = 0.5, methanol). 

>98% at 13.1 minutes (YMC S3-0DS column 6.0 x 1 50 mm 30 minutes linear gradient from 10 to 90% aqueous 
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methanol containing 0.2% phorphoric acid 1.5 mL/minute nranitoring at 220 nm) 
Example 48 

5 [R*[S*(S*)l>N-[[2-[[1-(2-Ainlno-^-mercaptopropyl)-2-methyl-2-pyrrolldlnyllcar^ 
drO"3'l8oqulnollnyllcarfaonyl>L«methlonlne, trtfluoroacetate (1:2) salt 



10 



15 




\ 



20 A. (S*,R>N-[[2-[[1-[(1,1-Plmethylethoxy)carbonyll-2-methyl-2-pyrrolidlnyllcarbonyll-1,2^^^ 
dro-3-isoqulnollnyl]cart)onyll-L-mathlonlne, methyl ester 

(R)-2-Methyl-1,2-pyrTolidinedicart)oxylic acid, 1-(1.1-dimethylethyi) ester [See D. Seeback et al.. Am . 
Chem. Soc., 1983, 105. 5390] (0.27 g, 1.18 mmol) was combined with Compound ID (1 g, 2.7 mmol), bromo- 

25 tris-pyrrolidino-phosphonium hexafluorophosphate (1.2 g. 2.6 mmd), dimethylaminopyridine (0.2 g) and dii- 
sopropylethylamine (0.8 mU 5.2 mmol) in methylene chloride (40 mL). This was allowed to stir for 16 hours 
followed by concentration under vacuum. The residue was chromotagraphed (silica gel, 4.5 x 21 cm, 50% ethyl 
acetate. 50% hexane) and fractions containing the desired compound were collected and concentrated to yield 
Compound A as a glass (508 mg, 81%). 

30 MS (M+H)*534* 

B. [R*[S*(S*)l>N-[[2-[[1-[2-n(1,1-Dlnrwthylethoxy)carbonyllamlno^3-[(triphenytmethyl)thlo]p 
methyl-2-pyrrolidlnytlcartonyll-1,2,3,4'tetrahydro-3-l8oquinollnyl]carbonyt}-L-methionine 

35 Compound B (270 mg. 34%) was prepared using Compound A(0.5 g. 0.93 mmol) and Compound IF (1.31 
g, 2.88 mmo\) in the two step procedure described in Example 7B. 
MS (M+H)* 865" 

C. [R*[S*(S*)I>N-[[2-[[1-(2-AmlncK3Mnercaptopropyl)-2-methyl-2-pyrrolldlnyllcartonyl^ 
40 hydro-3-lsoqulnollnyl]-carbonyt)"L-methlonlne, trtfluoroacetate (1:2) salt 

To 10 mL of methanol was added Compound B (180 mg. 0.21 mmol) along with 2N sodium hydroxide ad- 
justed to pH 12. This was allowed to stir until there was quantitative disappearance of starting material (4 
hours). The pH was adjusted to 3-4 using IN potassium bisulfate. and ethyl acetate (30 mL) was added. The 

45 layers were separated and the aqueous layer was washed with ethyl acetate (3 x 30 mL). The organic extracts 
were pooled, dried (magnesium sulfate) and concentrated. 

The residue (179 mg, 0.21 mnrK)l) was combined with trifluoroacetic acid (5 mL). methylene chloride (10 
mL) and triethylsilane (0.25 mL. 1.56 mmol). The solution was stirred for 1 hour, followed by concentration un- 
der vacuum. Methylene chloride was added and the solution was reconcentrated and thoroughly dried under 

50 vacuum. The residue was applied to a YMC CI 8 column (S-10. ODS 30 x 500 nrvn) with nrK>nitoring at 220 nm. 
HPLC purification was perfbmfied under the following conditions; Solvent A; 0.1 % trifluoroacetic acid in water, 
Solvents; 0.1% triflu roaceticacid in methanol; 20-50% B in Aover40 minutes. Fractions containing the major 
peak were pooled and lyophilized to yield 25 mg of the title c mpound as a white powder. 
MS (M+H)*509* 

55 mp107-108*C 

iH-NMR(CD30D. 400 MHz) 6 (ppm) 7.29 (4H, m), 4.60 (4H. m). 3.40 (1H. m). 3.22 (1H. m). 3.14 (1H, m), 2.97 
(1H. m). 2.97 (1H, m), 2.78 (2H. m), 2.59 (IH. m). 2.33 (2H, m). 2.21 (1H. m). 2.11 (1H. m). 2.05 (3H, s). 1.92 
(2H. m), 1.80 (1H, m). 1.53 (3H, s). 
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El mental Analysis for 
C24H36N4O4S2.2.3C2HF3O2, 3 water 




C 


H 


N 


Calculated: 
Found: 


41.63 
41.31 


5.41 
4.98 


6.79 
6.64 



10 



(alo^*: + 26.3* (c = 0.38 methanol) 

>99% at 13.9 minutes (YMC S3-0DS column 6.0 x 1 50 mm 30 minutes linear gradient from 10 to 90% aqueous 
methanol containing 0.2% phorphoric acid 1.5 mL/minute ownitoring at 220 nm) 



15 



Example 49 

(S*,R>N-B2-[N-(2-Amlno-3-mercaptopropyl)-3-methyl-L-valyll-1,2,3,4-tetrahydro-3-isoqul^ 
bonyll*L-methlonlne, trifluoroacetatfl (1:2) salt 



20 



25 



30 



35 



40 



45 



SO 



55 



HS^ 



COOH 




A. N-[(1,1-Dlmethylethoxy)carbonyll-3-methyl-L-vallne 

To a suspension of L-tert-leucine (1.0 gm, 7.6 mmol) in dioxane (10 mL) at 0°C was added IN sodium hy- 
droxide (7.6 mU 7.6 mmol) and water (7 mL). To the resulting dear solution was added t-butoxycartwnyt-an- 
hydride (1.86 gm. 8.5 mmol) and the cold bath was removed. After 1 hour, the reaction mixture was concen- 
trated to half and ethyl acetate (15 mL) and IN hydrochloric acid (10 mL) were added with vigorous stirring. 
The aqueous layer was separated and extracted with ethyl acetate (10 mL). The organic layers were combined, 
dried (magnesium sulfate), filtered and concentrated in vacuo to afford Compound A (2.0 g). 
MS (FAB). (M+H)* = 232* 

B. (R>N-[[2-IN-[(1,1-Dlmethytethoxy)-cart)onyll-3«methyt-L-valyl}-1,2,3,4^tetrah 
nyllcart)onyll-L-methlonlne, methyl ester 

To a solution of Compound A (0.4 g. 1.7 mmol) In dichloromethane (5 mL) at 0*»C under argon was added 
sequentially bromo-tris-pyrrolidinophosphnium hexafluorophosphate (0.79 g, 1.7 mnx)l), diisopropylethyla- 
mine (0.72 mL. 5.1 mmol) and dimethylaminopropyiamine (22 mg. 0.2 mmol). After 5 minutes, Compound IB, 
hydrochloride (0.6 gm, 1 .68 mmol) was added. The reaction was allowed to wanfn up to room temperature. After 
3 hours, the reaction mixture was washed successively with 1 N hydrochloric acid, saturated sodium bicarbon- 
ate and brine (5 mLeach). Each aqueous layer was extracted with chloroform (5 mL). The organic layers were 
combined, dried (magnesium sulfate), filtered and concentrated. The residue was purified by flash silica gel 
column chromatography luting with 30% ethyl acetate in hexan s t afford Comp und B (430 n^g, 48%). 
MS (CI), (M+H)* = 536* 

C. (S*,R*)-N^II2-[N-[2-mi,1-Dlmethylethoxy)caf<) nyllamin }-3-I(to1phQnylm9thyl)thiolpropyll-3-me- 
thyl-L-valy11-1,2,3,4»t9trahydro-3-l8oquln llnyl] arfa nyl}-L-m thi nin , methyl eater 

Anhydrous hydrochloric acid (4M in dioxane, 1 mL, 4 mmol) and triethylsilane (0.24 mU 1.5 mmol) were 



75 



EP 0 618 221 A2 



added to solid Compound B (400 mg, 0.75 mmot) at room temperature under argon. After stirring for 2 hours, 
the reaction mixture was concentrated and the residue was triturated with ether and dried in vacuo to afford 
325 mg of material (MS: (M-H)" = 434"). To a solution of this tripeptide (310 mg, 0.66 mmol) in methanol (2 
mL) was added a solution of Compound 1F (0.3 g, 0.6 mmol) in methanol (1 mL) and acetic acid (0.1 mL). After 

5 5 minutes, solid sodium cyanoborohydride (33 mg, 0.6 mnrral) was added. After 1 hour, additional aldehyde (0.3 
g. 0.6 mmol) in methanol (1 mL) and sodium cyanoborohydride (67 mg, 1 .2 mmol) were added. After 30 minutes, 
aldehyde (0.3 g. 0.6 mmol) in methanol (1 mL) was added. After another 1 hour, the reaction mixture was diluted 
with ethyl acetate (5 mL) and ether (5 mL) and washed with saturated sodium bicarbonate (1 0 mL). The organic 
layer was washed with brine (10 mL). dried (magnesium sulfate), filtered and concentrated in vacuo. The re- 

10 sidue was purified by flash silica gel column chromatography eluting with step gradient of 30%, 50% ethyl acet- 
ate in hexanes to afford a white foam Compound C (540 mg, 95%). 
MS: (FAB) (M+H)* = 86r 

D. (S*,R*)-N-[[2-[N-(2-Amlno-3-mercaptopropyl)-3-methyl-L-valyll-1,2,3,4^tetrahydro-3-i8oqulnoti- 
15 ny11cartoonyll-L-methlonlne, trifluoroacetate (1:2) salt 

To a solution of Compound C (0.3 g. 0.34 mmol) in methanol (1 .5 mL) at 0*»C was added aqueous 1 N sodium 
hydroxide (0.4 mU 0.4 mmol). A precipitate formed which was dissolved by the addition of tetrahydrof uran (0.8 
mL). The reaction mixture was allowed to warm to room temperature. After 1 hour, IN hydrochloric acid (1 mL) 
20 was added and the mixture was extracted with ethyl acetate (5 mL). The organic layer was dried (MgS04), 
filtered and concentrated in vacuo to afford a white solid (0.28 g, 98%). 
MS (M-H)- = 851- 

To a solution of this solid (270 mg, 0.31 mmol) in dichloromethane (1.5 mL) at room temperature under 
argon was added triethylsilane (0.5 mL) and trifluoroacetic acid (1.5 mL). After 1.5 hours, the volatiles were 

25 removed on a rotovap and the residue was dissolved in deoxygenated 50% aqueous nnethanol. The precipitate 
formed was filtered through a nylon 0.45 ^l filler and the filtrate was purified by RPHPLC (YMC, S10, C18, 
30 X 500 mm column) eluting with linear gradient of 26%-66% aqueous methanol containing 0.1% trifluoroa- 
cetic acid over 1 hour. Appropriate fractions were collected, concentrated on a rotovap to remove methanol 
and then lyophilized to obtain the title compound (153 nr>g. 63%) as a white lyophilate. 

30 m.p. 87-90**C 

MS: (FAB);(M+H)* = 511* 
IR(KBr): 1676. 1204 cm-i 
[alo = -27' (c= 0.46, methanol) 

HPLC: YMC, S3. CI 8 (6 x 1 50 nrun) column. 220 nm. 1 .5 mL/minute: 0-90% aqueous methanol with 0.2% phos- 
35 phoric acid, gradient over 30 minutes : 
Retention time : 17.5 minutes 



Bemental analysis for C24H3aN404S2. 1.5 H20 . 1.85 
trifluoroacetic acid 




C 


H 


N 


S 


F 


Calculated: 


44.44 


5.77 


7.48 


8.57 


14.08 


Found: 


44.38 


5.47 


7.39 


8.50 


14.13 



45 

iH NMR (CD3OD. 400 MHz): d 7.35-7.20 (4H, m). 5.0-4.55 (5H. m), 3.45-3.1 (2H, m). 2.90-2.45 (5H. m), 
2.07,2.03 (3H. 2 s. rotomeric), 2.2-1.95 (2H. m). 1.12. 1.06 (9H, 2 s. rotomeric) 

50 



55 
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Example 50 

[R*R*(S*)l>N-[(2-[[(2-Amlno-3-mercaptopropy1)amino)phenylacety11-1,2,3,4-tetrahydro-3-lsoqul^ 
ny11carfaonyl}-L-mathlonlne, trifluoroacetate (1:2) salt 

5 



10 



15 




A. g-Amlnobenzeneacetlc acid, methyl ester, hydrochloride 

Hydrochloric acid gas was bubbled into a solution of a-Aminobenzeneacetic acid (5.00 g. 33.0 nrvnol) in 
25 methanol (1 00 mL). After stirring for 6 days, the reaction mixture was concentrated, the residue was triturated 
with ether, and the solid was filtered and air dried to afford Compound A (5.8 g, 88%). 

B. [R-(R*,S*)^a-[[2-[[(1,1-Dlmethylethoxy)cartoonyl]amlno]-3-[(trlphenylmethyl)thlolpropyllam^^ 
nolbenzeneacetic acid, methyl ester 

30 

Acetic acid (0.5 mL) was added to a solution of Compound 1 F (0.30 g, 0.67 mmol) and Compound A(0.144 
g. 0.87 mmoi) under argon at room temperature. After stirring for 30 minutes, sodium cyanoborohydride (0.050 
g, 0.87 mmol) was added and the reaction mixture was stirred for 13 hours at room temperature. The reaction 
mixture was diluted with sodium bicarbonate (10 mL) and ethyl acetate (20 mL), and the layers were separated. 
35 The aqueous layer was extracted with ethyl acetate (2 x 20 mL). The combined organic layer was washed with 
brine (1 x 20 mL). dried over magnesium sulfate, filtered and concentrated. The residue was purified on a flash 
silica column eluting with 9/1. 8/2 hexane/ ethyl acetate to afford Compound B (0.22 g, 56%). 

C. [R-(R*,S*)l-a-[[2-[K1,1-Dlmethylethoxy)carfconyllamlnol-3-[(triphenylmethyl)thlolpropyl]aml- 
40 nolbenzeneacetic acid 

Sodium hydroxide (IN. 0.47 mU 0.019 g. 0.47 mnrwl) was added to a solution of Compound B (0.22 g. 
0.37 mmol) in methanol (2 mL). After stirring for 13 hours at room temperature, the reaction mixture was 
quenched with 10% hydrochloric acid (10 mL) and ethyl acetate (20 mL). The layers were separated and the 
45 aqueous layer was extracted with ethyl acetate (2 x 20 mL). The combined organic layers were washed with 
1 0% hydrochloric acid (1x10 mL) and brine (1 x 20 mL). The organic layer was dried over magnesium sulfate, 
filtered and concentrated to afford the acid Compound C (0.21 g, 94%). 

D. [R*[R*{S*)I}-N-[[2-[N-[I2-[I(1,1-Dlmethylethoxy)cartoonyllamlnol-3-[(triphenylmethyi^^ 

50 pyllamlnolphenylacetyll-1,2,3,4-tetrahydro-3-l8oquinoiinyilcarfeonyll-L-methlonlne, methyl ester 

Benzotriazoi-1-yl xytris-(dimethy1amino)-phosphonium hexaflu rophosphate hydrochloride (0.093 g. 
0.36 mmol) was added t a solution of Compound C (0.21 g. 0.36 mnvol), Compound IB, hydrochloride (0.14 
g, 0.40 mnfwl) and diis propyl ethylamine (0.13 mL, 0.10 g, 0.80 mmcA) in dichloromethane (2 mL) under arg n. 
55 This readi n mixture was stirred for 1 3 hours at room temperature. The roacti n mbrture was diluted with 1 0% 
hydrochi ric add (1 0 mL) and ethyl acetate (20 mL). Th aqueous layer was xtracted with ethyl acetate (2 x 
20 mL). The combined organic layers were washed with 10% hydrochloric acid (2 x 10 mL). water (1 x 10 mL). 
sodium bicarb nate (2x10 mL) and brine (2 x 20 mL). dried ver magnesium sulfate, filted and concentrated. 
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The product was purified on a flash silica column eluttng with 7/3, 1/1 hexane/ethyi acetate to afford Compound 
D (0.087 g. 28%). 

E. [R*[R*(S*)]>N-[(2-[[(2-Amlno-3-mercaptopropy1)amlno)phenylacety11-1^,3^tetrahydro-3-isoquino- 
liny1]carfaony11-L-methlonine, trtfluoroacetate (1:2) salt 

The title compound (0.03 g) was prepared using Compound D (0.09 g. 0.10 mmol) in the two step procedure 
descrit)ed In Example 49D. 



Elemental analysis for C2eH34N404S2 2.5 
water 2.1 trifluoroacetic acid: 




C 


H 


N 


Calculated: 


44.50 


5.08 


6.87 


Found: 


44.30 


4.75 


6.90 



TLC: R, 0.6 (6/3/1. n-propanol/ammonium hydroxide/water), visualized by UV, PMA HPLC 18.-6 minutes 

(92%). 10-90% aqueous methanol with 0.2% phosphoric acid buffer, 30 minute gradient, 1.5 mL/minute. 220 

nm, C18 (6.0 x 150 mm) colum 

IR: (KBr) 3435, 2924. 1680, 1645, 1206, 1134 cnr^ 

MS: (M+Hr531* 

Example 51 

[R*[R*(S*)ll-N-[I2-[2-[(2-Amino-3-mercaptopropyl)amlno]-2-cydohexylacetyll-1,2,3Atetrahydro-3-lso- 
qulnollnyllcartoonyl]-L-methlonlne, trtfluoroacetate (1:2) salt 




A. (S)-a-[[(1,1'Dlinethyl9thoxy)cafbonyllamlno]cydohexaneacetic acid 

Compound A (3.5 g) was prepared using L-cydohexylalanine (1 .6 g. 10.1 mmol) (P. J. 
Corringer, et al., J. Med. Chem .. 1993. 36, 166] in the method described in Example 49A. 
MS(FAB).(M+H)* = 258.* 

B. (R*,R>N-[I2-[Cydohexyl[I(1,1-dlmethylethoxy)carbonyl]amlno]acety!]-1,2,3,4-tetrahydro-3-iaoquU 
nollnytlcart>onyl}-L-inethlonlne, methyl ester 

Compound B (430 mg, 48%) was prepared using Compound A (0.77 g. 3.01 mmol) and Compound 1 B, hydro- 
chloride In the method described in Example 49B. 
MS (CI). (M+H)* = 56r. 
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C. [R*[R*(y)l>N-[[2-[Cyclohexyl[[2-[[(1,1-dimethylethoxy>-carfaonyllaminol-3-H^^^ 
thlolpropyl]aminolacetytl-1,2,3,4-tetrahydro-3«l8oquinollnyllcarbonyl]'L'methionlne, methyl ester 

Compound C (230 mg, 59%) was prepared as a white foam using Compound B (250 mg. 0.44 mmol) and 
Compound 1F (0.2 g, 0.4 mmol) in the two step procedure described in Example 49C. 
MS: (FAB) (M+H)* = 893*- 

D. [R*[R*(y)l^N-[[2-[2-I(2-Amlno-3>mercaptopropyl)amlnoH-cyclohexy1acetyll-1,2,3Atetrahydro-3- 
Isoqulnollnyllcarfaonyll'L-methlonlne, trtfluoroacetate (1:2) salt 

The title compound (55 n>g, 50%) was prepared as a white lyophilate using Compound C (0.22 g, 0.25 
mnwl) in the two step procedure described in Example 49D. 
m.p. 100-105X 
MS: (FAB) ; (M+H)* = 537* 
IR (KBr): 2934.1676. 1434, 1204 cnr^ 

HPLC: YMC, S3. CIS (6 x 150 mm) column. 220 nm. 1.5 mL/minute: 0-90% aqueous methanol with 0.2% phos- 
phoric acid, gradient over 30 minutes Retention time: 20. 3 minutes 
[a]D = -31** (c= 0.3, methanol) 



Elemental analysis for C26H40N4O4S2, 1.8 water . 
2.0 trifluoroacetic acid. 





C 


H 


N 


S 


Calculated: 


45.20 


5.77 


7.03 


8.04 


Found 


45.29 


5.49^ 


6.98 


7.76 



'H NMR (CD3OD. 400 MHz): d 7.30-7.15 (4H, m), 4.90-4.50 (5H, m), 3.40 (1H, m). 3.15 (1H, m), 3.00-2.70 
(3H, m). 2.60-2.40 {2H. m). 2.20-1.50 (16H. m), 2.06. 2.00 (3H, 2s, rotomeric). 1.40-1.10 (6H. m) 

Example 52 

(S*>R>N-[[2-[N-(2-Aminc>-3-mei^ptopropyl)-3-methyl-L-valyll-1,2,3,4>tetrahydro-3-t80 
bonytl«L-nwthlonlne, methyl ester, trtfluoroacetate (1:2) salt 




S 



A. (S*,R*)-N-[[2-[N-(2-Amlno-3-mercapt propyl)-3>methyt-L-valyl]-1,2,3,4-tetrahydro-3-t8 quinoll- 
nyllcarbonyll-L-methI nine, methyl star, trtfluoroacetate (1:2) salt 

Triethyfsilane (0.066 mL, 0.048 g. 0.41 5 mmol) was added to a solution of Comp und 49C (0.1 80 g. 0.207 
m.nf)ol). and triflu racetic acid (0.4 mL) in dichloromethane (0.8 mL). After stirring f r3h urs. the reaction was 
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concentrated to afford a solid which was purified by prep HPLC (YMC, S-10, ODS. 30 x 500 mm. column) elut- 
ing with 30-90% aqueous methanol containing 0.1 % trif luoracetic acid, gradient over 30 minutes. The fractions 
with product were concentrated and lyophilized to afford the title compound (0.036 g, 23%). 



Elemental analysis for C25H40N4O4S2 
0.73 H2O. 2.0 trif luoracetic acid 





C 


H 


N 


Calculated: 


45.46 


5.72 


7.31 


Found: 


45.48 


5.71 


7.37 



HPLC: Rt 19.85 minutes (99%). 10-90% aqueous methanol with 0.2% phosphoric acid buffer. 30 minute gra- 
dient. 1.5 mL/mlnute. 220 nm. Cie (6.0 x 150 mm ) column 
^5 IR: (KBr) 3435. 2924, 1437. 1682, 1636. 1208. 1134 cm-i 
MS: (M+H)* 525* 
[a] D = -32^ (c = 0.25. methanol) 

Example 53 

20 

(S*,R*^N^[[2-[N-(2-Amlno-3-mercaptopropyt)-3-methyl-L-valyl>1,2,3,4-tetrahydro-3-i8oquinolt- 
nyllcarfeonyl}-N«-methy1-L-glutamlne, trtfluoroacetate (1:2) salt 



25 



30 



35 




A. N^I(1,1-Dlmethytethoxy)carbonyll-N^wethyl-L-fllutamlne, 1,1-dlmethylethyl ester 

To a solution of ISI-KI ,1 -Dimethyl ethoxy)carbonyll-L-glutamic acid. 1-(1.1-dim6thyiethyl) ester (3.03 g. 10 
^ mnrrol) in dlchloromethane (40 mL) at room temperature under argon were added benzotriazol-1-yloxytris-(di- 
methylamino)phosphonium hexafluoro phosphate (4.42 g, 10 mmd) and diisopropyl ethyl amine (7.1 mL. 40 
mnrwl). After 15 minutes, methylamine hydrochloride (2.01 g. 30 mmol) was added. After stirring overnight (18 
hours), the reaction mixture was washed sequentially with IN hydrochloric acid (30 mL) and sodium bicarbon- 
ate (30 mL). The aqueous washings were extracted separately with chloroform (30 mL), dried (magnesium sul- 
^ fate), filtered and concentrated. The oil obtained was purified by silica gel column chromatography eluting with 
30% acetone in hexanes to afford Compound A (2.8 g, 88%). 
MS (CI). (M+H)* = 317 

B. N»-Methyl-L-fllutamlne,1,1-dlmethylethyi ester 

so 

To a solution of Compound A (0.6 g, 1 .9 nrtmoi) in dichloronr^thane (2 mL) at room temperature under argon 
w re added 2.6-lutidlne (0.49 mL, 4.2 mm I) foil wed by t-butytdinrwthylsilyltriflat (0.52 mL. 2.28 mmol). After 
30 minutes, the reaction mixture was washed with saturated amm nium chloride (2x5 mL) and extracted with 
chloroform (5 mL). The organic layer was concentrated in vacu (product partially d composes on silica gel 
TLC plate). The oil btained was dissolved in tetrahydrofuran (3 mL) and IN hydrochi ric acid (2 mL). The 
mixture was stirred vigorously for 20 minutes, and washed with ether (5 mL). The aqueous layer was basif ied 
to pH 8.5 by the additi n of saturated sodium bicarbonate, washed with th r (2 x 5 mL) and concentrated in 
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vacuo. Acetonitrite was added to the residue and concentrated (2x5 mL). Chloroform and methanol (1 :1) was 
added to the solid obtained and the insoluble inorganics were filtered off. The filtrate was concentrated in va- 
cuo and the solid was suspended in acetonitrile (5 mL) and concentrated in vacuo to afford Compound B (0.37 
g) which was used without further purification. 

5 

C. 3-Methyl»N"[(pheny1mothoxy)carfaonyll-L"vallne 

To a solution of L-tert-leucine (10.2 g. 77.6 nrunot) in aqueous sodium hydroxide (2N, 40 mL) at O^C was 
added benzyl chloroformate (12.1 mL, 85.4 mmol) and sodium hydroxide (2N, 40 mL) alternatively in 5 portions 
10 over 30 minutes. The cold bath was removed and after 1 hour the pH of the mixture was adjusted to 10. The 
mixture was extracted with ether (2 x 50 mL). The aqueous layer was cooled to O^'C and acidified (pH 2) with 
5 N hydrochloric acid and extracted with ether (3 x 70 mL). The organic layer was dried (magnesium sulfate) 
and concentrated in vacuo to afford a thick oil Compound C (18.2 g, 68%). 
MS (CI) : (M+H)* = 266* 

IS 

D. (S)-1,2,3AT«trahydro-2-PHTiethyt-N-[(pheny1methoxy)caffaonyl>L-valy11-3-l8oqulnollnecari^^ 
cacid, methyl ester 

To a solution of Compound C (5.31 g, 20 mmol) in dichloromethane (80 mL) at O^C under argon were se- 
20 quentially added diisopropylethylamine (10.6 mU 60 mmol), benzotriazol-1-yloxytris- (dimethylamino)phos- 
phonium hexafluorophosphate (5.08 g, 20 mmol) and (S)-1.2.3.4-Tetrahydroisoquinoline-3-carboxylic acid, 
methyl ester, hydrochloride (5.68 g. 25 mmol). The reaction mixture was allowed to warm to 5°C over 2 hours, 
and then stirred overnight (16 hours). The mixture was washed with IN hydrochloric acid, saturated sodium 
bicarbonate and brine (50 mL each). The organic layer was dried (magnesium sulfate), filtered and concen- 
25 trated to afford an oil. Purification by flash silica gel column chromatography etuting with 20% ethyl acetate 
in hexanes afforded Compound D (4.0 g, 45%). 
MS: (CI) (M+H)* = 43r 

E. (S)-1,2,3,4-Tetrahydro-2-[3-methyl-N-[(phenylmethoxy)carbonytl-L-valy11-3-l8oqulnollnecarfaoxylic 

30 add 

To a solution of Compound D (830 mg. 1.9 mmol) in tetrahydrofuran/methanol (4 mL/5 mL) at room tenv 
perature was added lithium hydroxide (1N, 1.9 mL ). After 1 hour, lithium hydroxide (IN, 1.5 mL) was added. 
After 2 hours, sodium hydroxide (IN, 1.9 mL) was added. After another hour, solvent was removed and the 
35 residue was partitioned between 1 N hydrochloric acid and ethyl acetate (10 mL each). The organic layer was 
dried (magnesium sulfate) and concentrated in vacuo to afford Compound E (820 mg). 

F. (R*>-N»-Methyt-N^[[1,2,3,4-tetrahydro-2-[3-methyt-N-[(phenylmethoxy)carfeonyll-L-valy^^^ 
nollny1]cart)onyl]-L-gtutamlne, 1,1«dimethylethyl ester 

40 

To a solution of Compound B (370 n>g, 1 .71 vnmo\) and Compound E (800 mg. 1 .88 nrvnol) in a mixture of 
dimethylformamide:tetrahydrofuran (2 mL:1 mL) at 0°C under argon was added 1-hydroxybenzotriazole (290 
mg. 1.9 nrmiol) followed by 1-(3-dimethytaminopropyl)-3-ethytcarbodiimide hydrochloride (363 mg, 1.9 mmol). 
The reaction mixture was allowed to warm to room temperature over 1 hour and then stirred overnight (18 
45 hours). The mixture was diluted with ethyl acetate (10 mL) and washed with IN hydrochloric acid, saturated 
sodium bicarbonate and brine (1 0 mL each). Purification by silica gel column chromatography eluting with 30% 
acetone in hexanes afforded white foamy solid Compound F (585 nr>g, 55%). 
MS (CI) (M+H)* = 623 

50 G. (S*,R*)-N^[r2-IN-[2-[I(1,1-Dim9thy1ethoxy)caftoony11amlnol»3-[(triphenylmethyl)thlolpropy<^ 
thy1-L-valytl-1,2,3,4'tetrahydro»3-l8oqulnollnyllcarfaonyl>N»«methyl-L-glutamlne,1,1-dlm 
ster 



T solution of Compound F (300 mg. 0.48 mm I) in dichloromethane (2 mL) at room temperature undw 
55 argon was added triethylsilane (115 \iL, 0.72 mmol). diisopropylethylamine (14 ^L. 0.1 mnnol) and paiMiun 
acetat (11 mg. 0.05 nrtm I). A black precipitate fomried. After 1 hour, silica gel TLC analysis indicated abu^ncm 
of Compound F and presence of a less polar product which partially decomposed on TLC plat . The mature 
was filtered through Celite® and the filtrate was concentrated in vacu . The product used without further pi#- 
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ification. 

To a solution of the residue (0.48 mmol assumed) in methanol (1.5 mL) at room temperature was added 
acetic acid (0.5 mL). A solution of aldehyde Compound IF (447 mg, 1.0 mmo\) in methanol (1.5 mL) was pre- 
pared. After 20 minutes, the above solution of aldehyde (0.8 mL) was added. After 5 minutes, sodium cyano- 

5 borohydride (20 mg, 0.33 mmol) was added. The remaining solution of aldehyde and sodium cyanoboro hydride 
(20 mg each) were added in two portions with 20 minutes interval. After an additional 20 minutes* the volatiles 
were removed in vacuo and the residue was partitioned between ethyl acetate and saturated sodium bicar* 
bonate (20 mL each). The aqueous layer was separated and extracted with ethyl acetate (15 mL), and the or- 
ganic layers were combined, dried (magnesium sulfate) and concentrated in vacuo. The residue was purified 

10 by silica gel column chromatography eluting with 80% ethyl acetate in hexanes on a small column to afford 
Compound G (310 mg). 
MS (FAB) ; (M+H)* = 920 

H. (S*,R*)-N^[[2-[N-(2-Amlno-3-mercaptopropyl)-3-methyl-L-valyll-1,2,3,4-tetrahydro-3-lsoqulnoll- 
15 nyllcarfaonyl}-N»-methy1-L-glutamln9, trtfluoroacetate (1:2) salt 

To a solution of Compound G (270 mg, 0.29 mmol) in dry dichloromethane (2 mL) under argon was added 
trif luoroacetic acid (2 mL) and triethylsilane (0.5 mL). After 2 hours, the volatiles were removed in vacuo. Aqu- 
eous methanol (50%. 1.5 mL, deoxygenated) was added to the residue. The white precipitate was filtered off 

20 through nylon filter and the filtrate was purified by preparative RP HPLC (EM Science E8. 50 x 250 mm, SI 2 
lichrosphere) eluting with 30 to 74% aqueous methanol containg 0.1% trifluoroacetic acid. Appropriate frac- 
tions were collected and lyophilized to afford the title compound (177 mg. 75%). 
MS (FAB): (M+H)*= 522 
IR(KBr) 3432. 1678. 1647. 120. 1138 cxrr^ 

25 la]o = -1 5*» (c = 0.92, methanol) 

HPLC: HPLC: (YMC S3 ODS 6 x 150 mm, C18 column at 60X) ; 70-90% aqueous methanol containing 0.2% 
phosphoric acid, retention time 13.9 minutes. 



Elemental analysis for C25H39N6O5S • 2.31 trifluoroacetic 
acid • 1 .39 water 





C 


H 


N 


S 


F 


Calculated: 


43.95 


5.48 


8.65 


3.96 


16.26 


Found: 


43.95 


5.29 


8.68 


3.98 


16.26 



Example 54 

^ (S*,R>N^[I2-[N-(2-Amlno-3-mercaptopropyl)-3'methyl>L-valyl}-1,2,3,4-tetrahydro-3-isoquinoll- 
nyllcartoonyl}-L«glutamlne, trtfluoroacetate (1:2) salt 
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A. (R*)-N^[I1,2,3,4-Tetrahydro-2-[3-methyl-N-[(ph ny1methoxy)carbonyl]-L-valy11-3-lsoqulnollnyllcar- 
bonyl]'L'fllutamlne,1 ,1-dlmethylethyl ester 

Compound A (1.1 g. 87%) was prepared as a white solid using Compound 53E (0.9 g. 2.1 mmol) and L- 
glutamine, t-butylester, hydrochloride (0.501 g, 2.1 mmol) in the method described in Example 32F. 
mp: 60-68**C 

B. (R*)-N'-[[1A3,4>Tetrahydro-2-(3-methyl-L-valyl)-3-l8oqulnolinyl]carbonyll-L-fllutam 1,1-dime- 
thylethyl ester, hydrochloride 

Palladium hydroxide on carbon (10%, 0.091 g) was added to a solution of Compound A (0.914 g, 1.5 mmol) 
in tetrahydrof uran (9.1 mL) with 1 N hydrochloric acid (1 .5 mL). A hydrogen balloon was attached to the reaction 
and the mixture was stirred at room temperature for 3 hours. The reaction was filtered through Celite® and 
concentrated under vacuum to afford Compound B (0.767 g, 100%) which was used without further purifica- 
tion. 

mp: foams and liberates gas above 128°C 

C. (S^R*)-N3^[[2^N-[2^[[(1,1-Dlnrlethylethoxy)cartoonyl]amlno^3-[(tripheny^methyt)thlo]prop 
thyl-L-valyl>1,2,3,4-tetrahydro-3-isoquinolinyllcarfaonyl}-L-glutamine, 1,1-dlmethytethyl ester 

Sodium cyanoborohydride (0.077 g, 1 .22 mmol) was added portionwise to a solution of Compound B (0.464 
g,0.91 mmol), Compound 1F(0.609g. 1.4 mmol) and acetic acid (0.135 mL) in methanol (4.5 mL), and stirred 
at room temperature for 2.25 hours. The reaction was quenched with water (100 mL) and extracted with di- 
chloromethane (3 x 1 00 mL). The combined organic extracts were dried (magnesium sulfate), filtered and con- 
centrated under vacuum. The residue was purified by flash chromatogrphy (eluting with ethyl acetate) to afford 
Compound C (0.55 g. 67%) as a gum. 
MS: (M+H)* 906 

D. (S*,R>N^[[2-[N-(2-Ainlno-^-mercaptopropyl)-3-methy1-L-valyll-1,2,3,4-tetrahydro-3-laoqulnolP 
nyllcart)onyl]-L-glutamlne, trtfluoroacetate (1:2) salt 

Trifluoroacetic acid (5 mL, 65 mmol) was added to a solution of Compound C (0.487 g, 0.538 mnrwl) and 
triethylsilane (0.843 mU 5.38 mmol) in dichloromethane (5 mL) at 0**C, warmed to room temperature and stirred 
for 3 hours. Chloroform (10 mL) was added and the reaction was concentrated under vacuum. The residue 
was triturated with hexane (discarding the hexane layer) and concentrated under vacuum. The residue was 
purified by preparative HPLC (EM S-12 Lichrosphere Select B, 50 x 250 mm. 220 nm, 40 mL/minute, gradient 
10-90% aqueous methanol with 0.1% tetrahydrofuran). Following concentration of appropriate fractions the 
residue was dissolved in water, millipore filtered and lyophilized to afford the title compound (0.28 g. 71%). 
mp: decomposition above 97°C 

TLC: Rf = 0.55 (6/3/1 n-propanol/amnrwnium hydroxide/water, visualization by eerie ammonium sulfate) 
MS: (M+H)* 508 

IR: (KBr). 1431. 1674. 2972. 3437 car' 



Elemental analysis for CzsHsgNgOoSFe . 1.07 water 




C 


H 


N 


S 


F 


Calculated: 


44.54 


5.49 


9.28 


4.25 


15.10 


Found: 


44.56 


5.17 


9.26 


4.23 


15.48 



[a]D = - 17.6** (c = 0.33. methanol) 

iH(DMSO): 1.00 (s, 9H). 1.81-1.96 (m, 2H). 2.08-2.13 (m. 2H), 2.35-2.47 (m, 2H), 2.72 (brm, 1H), 2,96 (br m. 
2H), 3.34 (br m, 2H). 4.18-4.20 (m. 1H), 4.52-4.59 (m, 1H). 4.85-5.02 (m. 3H). 7.17 (s. 4H) 
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Example 55 



(S*,R>N^[[2-[N-(2-Amino-3»mercaptpropyl)-3-methyl-L-valyll-1,2,3Atetrahydro-^lsoqulnoiinyllca^^ 
bonyll-L-fllutamlne, methyl ester, trtfluofoacetate (1:2) salt 



A. N^I(1»1-Dlnfwthylethoxy)caft)onyl]-L-glutamlne, methyl ester 

1-Methyl-3-nitro-1-nitrosoguanidine (9 g, 61 .0 mmol) was added portionwise to a mixture of (1:1) diethyl 
ether/50% aqueous potassium hydroxide (200 mL) at -10**C. The organic layer was decanted and dried over 
solid potassium hydroxide. In a separate flask, N2-[(1.1-Dimethylethoxy)cart)onyll-L-glutamine (5.0 g. 20.3 
mmol) was dissolved in tetrahydrof uran (15 mL) at -10<»C. The diazomethane solution was added portionwise 
to the acid solution until a yellow color persisted. The reaction was quenched with acetic acid (3 mL), diluted 
with diethyl ether (100 mL) and washed with 10% sodium bicaronate (100 mL). The aqueous layer was ex- 
tracted with ethyl acetate (3 x 150 mL) and the combined organic extracts were dried (magnesium sulfate), 
filtered and concentrated under vacuum to afford Compound A (2.0 g, 38%) which was used without further 
purification. 
MS: (M+H)^61 

B. L-fllutamlne, methyl eater, hydrochloride 

Hydrogen chloride in dioxane (4M, 20 mL) was added to Compound A (2.0 g. 7.7 mmol) and stirred at room 
temperature for 0.5 hours. The reaction was concentrated under vacuum to afford Compound B (1 .4 g, 93%). 
MS: (M+H)*161 

C. (R*)-N'-g1,2,3,4-Tetrahydro-2-PHnethyl-N-[(phenylmethoxy)-cartoonyl]-L-valyl}-3-lsoqulnoM 
bonyll-L-fllutamlne, methyl ester 

Compound C (1 .05 g, 88%) was prepared as a white solid using Compound B (0.26 g, 3.2 mmol) and Com- 
pound 52E (0.90 g, 2.1 mmol) in the method described in Example 32F. 
mp: 55-60'*C 

D. (R^N^PI A3,4>Tetrahydro-2-(3-methy-L-valyl>-^lsoqulnollnyl]cartonyll-L-fllutamlne, methyl es- 
ter, hydrochloride 

Compound D (0.71 5 g, 91%) was prepared using Compound C (0.95 g. 1 .68 mmol) in the method described 
in Example 54B. 

mp: foams and liberates gas abov 1 0O^'C 

E. (S*.R*>-N^n2-[N-[2-[K1,1-Dlmethyteth xy)caffaonynamln l-3-[(triphenylmethyt)thlolpropyll-3-me- 
thyl-L-vaiyll-1,2,3,4>tetrahydro-3-lsoquln llnyllcaft)onyll-L>fllutamlne, methyl ester 

Compound E (1.25 g, 70%) was prepared as a gum using Compound D (0.645 g. 1.38 mmol) and Com- 
pound IF (0.925 g, 2.07 mmol) In the method described in Example 54C. 
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F. (S*,R>N^B2-[N-(2-Amlno-3-mercaptpropyl)-3-methyl-L-valyl3-1,2,3Atetrahydro-3-lsoqulnolK 
ny11carfaony11-L-glutamtne, methyl ester, trifluoroacetate (1:2) salt 

The title compound (0.291 9. 60%) was prepared using Compound E (0.55 g, 0.649 mnrvol) in the method 
described in Example 54D. 
mp: 67-77<»C 

TLC: Rf = 0.73 (6/3/1 n-propanol/ammonfum hydroxide/water, visualization by eerie amnrwnium sulfate) 
MS: (M+ri)* 522 

IR: (KBr), 1431 . 1 674, 2972. 3437 cmr^ 



Elemental analysis for C25H39N5O5S . 2.45 trifluoroacetic 
acid . 0.59 water 




C 


H 


N 


S 


E 


Calculated: 
Found: 


44.25 
44.25 


5.29 
5.20 


8.63 
8.51 


3.95 
3.80 


17.20 
17.21 



(a]o = - 22.7** (c = 0.30. methanol) 
20 iH(DMSO): 1.00 (s, 9H). 1.78-1.99 (m. 2H), 2,01-2.13 (m. 2H), 2.44 ( br m. 2H). 2.72 (br m, 3H), 2.97 (br m. 
1H). 3.33 (br m. 1H), 3.51. 3.55 (s. 3H). 4.20-4.28 (m, 1H), 4.51-4,60 (m. 1H), 4.85-4.96 (m. 2H), 5.02-5.04 (m. 
1H). 7.15-7.18 (S.4H) 



25 



Example 56 

[R*[R*(y)l>N-[[2-[2-[(2-Amlno-3*mercaptopropyl)amlnol-3-methylbutyll-1,2,3,4-tetrahydro-3-l80 
nollnyllcart)onyll"N-methyl-L«methtonlne 



30 



35 



40 



45 



HS 




A. N-[(1,1-Dlmethy1ethoxy)cart)onyt]-N-methyl-L-methlonlne, phenylmethyl ester 

^ Sodium hydride (3.37 g of 60% suspension in mineral oil, 84.2 nvnol) was slurried in hexane (3 X 50 mL) 
and allowed t s ttle. The hexane was decanted off and tetrahydrofuran (100 mL) was added. A solution of 
N-t-butyl xycarbonyl-L-methionin (7.00 g. 28.1 mmoi) in tetrahydrofuran (120 mL) was added to the sodium 
hydride solution at O^C and was treated with methyl iodide (12.0 g. 5.24 mL, 84.2 mm I) dropwise. The mixture 
was stirred for 20 hours at room temperature, diluted with thyl acetate (100 mL) and quenched with water 

^ (50 mL). The organic lay r was separated and extracted with saturated sodium bicart>onate (3 X 100 mL) and 
the combined sodium bicart>onate layer was acidified to pH 2 using potassium bisulfate. Saturated sodium 
chl ride was added to th acidic solution and the product was extracted with thyt acetate (3 X 100 mL). The 
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combined ethyl acetate washes were dried (magnesium sulfate) and cone nt rated to yield the desired product 
as a slightly yellow oil (5.43 g. 73%). MS (M+H)* 264^ 

Benzyl bromide (1 .43 g, 1 .00 mL. 8.36 mmol) was added to the oil obtained above (2.00 g. 7.60 mmol) and 
potassium carbonate (1 .16 g. 8.36 mmol) in dimethylformamide (12 mL). The mixture was stirred for 48 hours 
5 and partitioned between water (100 mL) and ethyl acetate (100 mL). The ethyl acetate layer was washed with 
saturated sodium bicarbonate (3 X 50 mL), water (3 X 50 mL) and brine (2 X 50 mL), dried (magnesium sulfate), 
and concentrated to yield Compound A as a dear oil (2.32 g. 86%), MS (M-t-H)"^ 354*. 

B. (R>N-C[2-[(1,1-Dlmethylethoxy)cartoonyll-1,2,3Atetrahydro-3-l8oqulnollny1lcaffaonyll-^ 
10 methionine, phenylmethyt ester 

Compound A (1.5 g. 4.234 mmol) was stirred in dimethyl sulfide (0.6 mL) and 4N hydrochloric acid in di- 
oxane (10 mL) for 30 minutes. The mixture was concentrated, dissolved in methylene chloride (30 mL) and 
concentrated. This procedure was repeated five times to yield the amine hydrochloride as a dear glass. This 

15 amine was dissolved in methylene chloride (20 mL) and cooled to 0<»C. t-Butyloxycarbonyl-L-1.2.3,4-tetrahy- 
droisoquinolin-3-carboxylic acid (1.76 g. 6.35 mmol), Bis-(2-oxo-3-oxazolidinyl)-phosphinic chloride (3.23 g. 
12.7 mmol) and N,N-diisopropylethylamine (1.64 g. 2.22 mL. 12.7 mnnol) were added. The reaction mixture 
was stin-ed for 24 hours at O^C. Additional Bis-(2-oxo-3-oxazolidinyi>-phosphinic chloride (1 .61 g. 6.35 mmol) 
and N.N-diisopropytethylamine (820 mg. 1 .1 mL, 6.35 mmol) were added and the reaction mixture was stirred 

20 for an additional 24 hours at O^'C. The reaction mixture was concentrated and chromatographed (silica gel. 
4.1 X 20 cm. 40% ethyl acetate. 60% hexane). Fractions containing the desired compound were collected and 
concentrated to yield Compound B as a dear oil (2,4 g, 99%). (M+H)"^ 51 3* 

0. R^R*^N^[[2■[2^[[(1,1^Dlnf^ethylethoxy)caffaonyllamlnol■3■methylbutyl^1^,3,4^^etrah^^ 
25 nollnyllcarfaonyl]-N-methyl-L-methlonlne, phenylmethyl eater 

Compound C (800 mg, 50%) was prepared as a clear oil using Compound B (1.4 g. 2.64 mmol) and Conv 
pound 5B (770 mg. 3.84 mmol) in the two step procedure described in Example 7B. 
(M+H)*598* 

30 

D ■ [R*[R*(S*)ll-N-I[2-P-[2-[[(1 ,1-Dlnfiet hytethoxy)caffaonyllamlnol-3-[(tripheny1met hyl)t hlo]propyll-3- 
methylbuty11-1,2,3,4-tetrahydro-3-l8oqulnollnyllcart)onyl}-N-methyl-L'methlonlne, phenylmethyl es- 
ter 

35 Compound D (150 mg. 16%) was prepared as a dear oil using Compound C (600 nr)g. 1.00 n\rno\) and 
Compound 1F (890 mg, 2.00 nrvnoi) In the two step procedure described in Example 7B. 

E. RTRMS*)l>N-n2-[2-[(2-Amlno-3Mnercaptoprpyl)amlno>3-methylbutyl]-1,2,3Atetrahydro-3*lsoqui- 
nollnyllcarfaonytl-N-methyl-L-methlonlne 

40 

The title compound (28 nr>g, 19%) was prepared using Compound D (150 nr>g. 0.161 mmol) in the two step 
procedure described in Example 1H. 
(alo^s = - 20.0'* {c=0.1. methanol) 
MS (M+H)* 49r 

45 Analysis: calculated for 2.70 trifluoroacetic acid • 5.50 water C. 39.08; H, 5.99; N. 6.20; F, 17.03; 
Found: C. 39.12; H, 5.38; N, 6.22; F. 17.03. 

1H-NMR (CD3OD. 270 MHz) d (ppm) 7.19 (4H. m). 4.28 (4H. m), 3.46 (1H. m), 3.32 (2H, m), 2.82 (2H. m). 2.61 
(2H, m). 2.49 (2H, m), 2.25 (1H, m). 2.12 (1H. m). 2.11 (3H, s). 2.01 (3H. s). 1.97 (1H. m). 0.88 (6H. m) 

50 
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Example 57 



(S*,R>N-[[2-[2-[N-(2-Amlno-3-mercaptopropyl)methyl-amlno]-3-methylbutytl-1,2,3,4"t8trahyd 
l8oquinollnyll-carfaonyll-L«fnethlonlne, trifluoroacetate (2:3) salt 



A. (SH1-Formyl-2-methylpropyl)methylcart)ainlc acid, t1-dlmethylethyl estar 

Compound A(1 .8 g. 58%) was prepared as a dear oil using NH(1 .1 ■D^methylethoxy)cartx)nyl^N-methoxy- 
N,N2-dimethyl-L-valinamide (4.0 g, 14.62 mnrwl) in the method described in Example IF. 
(M+H)* S2r 

B. (R>N^[[2■[N^I(1,1^Din>ethy^ethoxy)cartonyllmethylamlno]■3■methylbutyl^1,2,3,4^tetra 
quInollnyllcartonyll-L-methlonlne, methyl ester 

Compound B (1.9 g, 60%) was prepared as a clear oil using Compound 1 A (6.0 g, 14.22 mmol) and Conrv 
pound A (1.8 g, 8.43 mn>ol) In the two step procedure described in Example 7B. 
(M+H)* 522* 

C. [R*[R*(S*)ll-N-[[2-I2-[N-l2-[[(1,1-Dlmethylethoxy)carbonyllamlno>3-[(triphenylmethyl)thlo]p^ 
pyllmethylamlnol-3-methylbutyll-1,2,3,4*tetrahydro-3-lsoqulnollnyllcarfaonyl>L-methl^ methyl 
ester 



Compound C (1.1 g, 35%) was prepared as a dear oil using Compound B (1.9 g. 3.64 mmol) and Compound 
1F (8.4 g, 18.8 mnral) in the two step method described in Example 7B. 
(M+H)* 853* 

D. (S*,R*)-N-[I2>I2-[N-(2-Amlno-3-mercaptopropyl)methylamlnol-3-methylbutyll-1,2,3Atetrahydro-3- 
Isoqulnollnyllcarbonyll-L-methionlne, trtfluoroacetate (2:3) salt 

The title compound (380 wq) was prepared using Compound C (500 mg, 0.587 mnriol) in the method de- 
scribed in Example 1H. 

M.P. 113-114 ''C. Purity > 98%, [ab^ = - 38.0 (c=0.1, methanol), MS (M+H)* 49r, Analysis: calculated for 
1.90 trifluoroacetic acid • 1.00 water C. 45.72; H. 5.92; N. 7.67; 
F und: C, 45.75; H, 5.94; N. 7.99. 

iH-NMR (CD3OD. 400 MHz) d (ppm) 7.27 (4H. m). 4.64 (IH. m), 4.39 (1H. m), 4.29 (2H, m). 3.56 (1H, m). 3.39 
(3H. m). 3.01 (2H, m). 2.85 (4H. m), 2.60 (2H. m), 2.56 (3H, s). 2.18 (IH. m). 2.09 (3H, s), 1.94 (2H, m). 0.99 
(3H. d. J=6.8 Hz), 0.82 (3H, d, J=6.4 Hz) 




Chiral 
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ExampI S8 



(S*,R*hN-[[2'[N«Acetyl-N"(2-amlno-3-mercaptopropy1)-L-valyll-1,2,3,4"tetrahydr<>-3-l8oquln^^ 
bonyl>L»mathlonlne, trtfluoroacetata (1:1) salt 



25 A- (S^R>N■^2^[W^Acetyl■N^[2^[[(1,1■d^methylethoxy)ca^tonyl]^amino^3■[(triph 

pyll-L-valyll-1,2,3,4-tetrahydro-3-lsoqulnoHnyllcart)onyll-L-methlonlne, methyl eater 

Compound 1G (700 mg, 0,821 mmol) was stirred in acetic anhydride (5.41 g. 53.0 mnx>l) and N,N-diiso- 
propyiethylanrilne (3.70 g. 5.0 mL, 28.6 mnDol) for 24 hours at room temperature. The mixture was concentrated. 
30 dissolved in methylene chloride (30 mL) and concentrated. This latter procedure was repeated five times to 
yield the crude product as a brown oil (700 mg. mixture). 
MS (M+H)* 895* 

B. (S*,R*)-N-[I2-[N-Acetyl-N-(2-am!no-3-inercaptopropy1)»L-valyll-1,2,3,4-tetrahydro-3-l8oqulnollnyll- 
35 caffaonyl]-L-inethlonlne, trtfluoroacetate (1:1) salt 

The title compound (41 mg) was prepared using Compound A (700 mg, 0.82 mmol assumed) in the two 
step procedure described In Example 1H. 
Purity > 98%. [alD25° = - 38.0» (c=0.1, methanol). 
40 MS(M+H)*539* 

Analysis: Calculated for 1.10 trifluoroacetic acid • 1.30 water C. 47.52; H, 6.11; N, 8.15. 
Found: C, 47.52; H. 6.07; N. 8.09. 

1H-NMR {CD3OD. 270 MHz) 6 (ppm) 7.19 (4H, m), 5.47-5.13 (2H. m), 4.58 (2H, m), 4.45 (2H. m), 4.20 (1H. 
m), 3.92-3.58 (2H, m), 3.42 (2H, m). 3.18 (1H. m). 2.84-2.55 (2H, m). 2.43 (1H, m). 2,31 (1H. m). 2.11 (3H, s), 
45 1.98 (3H. m), 1.85 (1H. m). 0.75-1.13 {6H. m) 
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Example 59 

(S*.R>N-[[2-[N-[3-Mercapt(>-2-(methy1amlno)propyll-L-valyll-1,2,3,4-tetrahydro-3-l8oqul^ 
bonyll-L^methionlne, trifluoroacetate (2:3) salt 



10 



15 



20 




COOH 



A. N-Methyl-L-cystelne 

25 As reported in Blondeau et al.. Can. J. Chem.. 45, 49. 1967, sodium metal was added to a solution of (R)- 
4-Thiazolidinecart>oxylic acid (22.0 9, 165.2 mmol) in liquid ammonia and cooled in an acetone/dry ice bath at 
-30''C. A blue colored solution was obtained, and persisted for 20 minutes. The reaction was quenched with 
ammonium chloride until the reaction was dear. Ammonia was evaporated with a stream of nitrogen to obtain 
a purple residue which was acidified with concentrated hydrochloric acid to pH 0. The reaction mixture was 

30 concentrated and extracted with hot ethanol (2 x 50 mL) and the extracts were concentrated to afford Com- 
pound A (19.8 g, 89%). 
MS: [M+Hri36* 

B. N-Methyt-S-(tflphenylmethyl)-L-cy8teine 

35 

Trityt alcohol (1.93 g, 7.39 mnrwl) was added to a solution of Compound A (I.OOg. 7.39 mnrwl) in trifluor- 
oacetic acid (10 mL) and stirred under argon. The reaction was concentrated, the residue was triturated with 
hexane and extracted with trichloromethane (2x10 mL). The organic layer was concentrated to afford Com- 
pound B (1.6 g. 57%). 
40 TLC: Rr 0.16 (ethyl acetate) visualized by UV, eerie ammonium nrtotybdate 

C. N-[(1,1>Pfanethy!ethoxy)cart)onytl-N-methyl-S-(triphenytmethyl)-L-cy8talne 

Di-t-butyfdicarbonate (1.50 g. 6.88 mmol) in tetrahydrofuran (5 mL) was added dropwise to a solution of 
45 Compound B (2.0 g. 5.29 mmol) in tetrahydrofuran and aqueous sodium bicart)onate (10 mL, saturated) at OX. 
The reaction was wanmed to room temperature, and stirred for 1 5 hours. The reaction mixture was poured into 
a mbrture of brine (25 mL) and methylene chloride (50 mL). The layers were separated and the aqueous layer 
was extracted with dichloromethane (2 x 50 mL). The combined organic layers were washed with 10% potas- 
sium bisulfate (2 x 20 mL) and brine (25 mL) and dried over magnesium sulfate, filtered and concentrated to 
50 afford an oil which was purified on a silica gel flash column eluting with trichloromethane/methanol/acetic acid 
(9:1:0.1) to afford Compound C (1.82 g. 72 %). 
MS: tM-Hr476- 

D. (R).N«[1-Formyl-2-[(trtph6nylmethyl)thlolethyllmethylcarfaamlc acid, 1>1-dlm thylothyl ester 

55 

Compound D (0.55 g, 57%) was prepared using Compound C (1.0 g. 2.09 mn>ol) in two steps as described 
in ExampI 1E and F. 
MS : [M+Hr 521* 
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E. (S^R>N-[[2■[N-[2-[N-[(1,1^Dlmethyl9thoxy)carfaonyl]methylamlno^3-[(triphenylm 
pyll-L-valyl>1,2,3,4"tetrahydrO'3-isoqulnollnyl]cart>onyl]-L"methlonlne, methyl ester 

Sodium cyanoborohydride (0.023 g, 0.37 mmol) was added dropwise as a solution In methanol (0.5 mL) 
5 to a stirred solution of Compound D of Example 1 (0.17 g, 0.41 mmol) and Compound D (0.14 g, 0.31 mmol) 
in acetic acid (1 mL) and methanol (1 mL) at O'^C. The mixture was slowly wanrted to room temperature, and 
stirred for 1 5 hours. The reaction mixture was diluted with saturated sodium bicart>onate at 0°C and extracted 
with ethyl acetate (3 x 20 mL). The combined extracts were washed with brine and dried over magnesium sul- 
fate, filtered and concentrated. The product was purified on a flash silica gel column eluting with 7/3, 1/1 hex- 
10 ane/ethyt acetate to afford Compound E (0.141 g. 63 %). 
MS: [M+Hr 86r 

IR: (KBr) 2926. 1636, 1165. 702 cnri 

F. (S*,R>N-[[2-[N-[3-Mercapto-2-(methytamlno)-propyl]-L-valyll-1,2,3Atetrahydro-3-isoqulnolU 
IS ny11caffaony1H,-methlonlne, trifluoro acetate (2:3) salt 

Sodium hydroxide (IN, 0.32 mL, 0.012 g. 0.31 mnrwl) was added to a solution of Compound E (0.23 g, 
0.26 moral) in methanol (2 mL). After stirring for 3 hours at room temperature, the reaction was quenched with 
10% hydrochloric acid (15 mL) and ethyl acetate (20 mL). The layers were separated and the aqueous layer 

20 was extracted with ethyl acetate (2 x 20 mL). The combined organic layers were washed with 1 0% hydrochloric 
acid (1x10 mL) and brine (1 x 20 mL). The organic layer was dried over magnesium sulfate, filtered and con- 
centrated to afford the acid. The product was purified by prep HPLC (YMC S-10. CDS, 30 x 500 mm, C18 
column) eluting with 1 0-90% aqueous nrrathanol containing 0.1 % trif luoroacetic acid, gradient over 30 minutes. 
The fractions with product were concentrated and iyophilized (0.13 g. 59 %). 

25 This solid was converted to Compound F (0.072 g, 39%) using the method described in Example 34D. 



Elemental analysis for C24H38N4O4S2 . 
0.35 H20. 1.6 trif luoroacetic acid 




C 


H 


N 


Calculated: 


46.71 


5.81 


8.01 


Found: 


46.71 ~ 


5.68 


7.84 



^ TLC: Rf 0.32 (9/1/0.1,trichloromethane/ methanoiyacetic acid), Visualized by UV. PMAHPLC R* 17.15 minutes 

(99%), 10-90% aqueous methanol with 0.2% phosphoric acid buffer. 30 minutes gradient, 1.5 mL/minute, 220 

nm, Cie (6.0 x 150 mm) column 

IR: (KBr) 2421. 1670, 1435, 1202, 1136. 721 cnrri 

MS: [M+H]*5ir 
^ [ajo = -25.5** (c = 0.2. methanol) 
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Example 60 

(S^R*)^N-^1A3ATet^ahydl^2■[N-[3^me^capt<>■2■[(ph9nylmethyl)amlnolp^opyl^L^va^^ 
nyllcart)onyt}-L-methionlne, trffluoroacetate (2:3) salt 

5 . 



10 



15 



20 




25 A. (S*,R>N-[[1,2,3,4-Tetrahydro-2-[N-[2-[(phenytmethyl)amlnol-3-[(triph9nylnfWthyl)thlolpropyl] 
lyl]-3-t8oqulnollnyllcarbonyll"L«methlonlne, methyl estar 

Compound 1G (400 mg, 0.469 mmol) was stirred in trifluoroacetic acid (7.5 g, 5.0 mU 65.8 mmol) and 
dichloromethane for 30 minutes. The mixture was concentrated, dissolved in methylene chloride (50 mL) and 

30 concentrated. This latter procedure was repeated five times to yield a dear glass. This, and benzaldehyde (50 
mg, 0.05 mU 0.469 nrmiol), were dissolved in methanol (10 mL) and glacial acetic acid (0.2 mL). Sodium cya- 
not)orohydride (30 nng. 0.469 mmol) was added portionwise over 15 minutes. The reaction mixture was stinred 
for 16 hours. The mixture was cooled to O'^C and saturated sodium bicarbonate (10 mL) was slowly added. 
The product was then extracted into ethyl acetate (60 mL). The ethyl acetate layer was washed with water (100 

35 mL) and brine (100 mL), and dried (magnesium sulfate), concentrated and chromatographed (silica gel. 4.1 X 
15 cm, 95% dichloromethane, 5% methanol). Fractions containing the desired compound were collected and 
concentrated to yield Compound A as a dear oil (270 mg. 68%). 
(M+H)* 843* 

40 B. (S*,R*>-N-[[1,2,3ATetrahydro-2-[N-[3-mercapto-2-[(phenylmethyl)amlnolpropyll-L-valyll-3-i8oqul- 
nollnyllcartoonylH-'methlonlne, trifluoroacetate (2:3) salt 

The title compound (40 nrtg) was prepared using Compound A (270 mg, 0.32 mvno\) in the two step proce- 
dure described in Example 1H. 
45 Purity > 94% , (a]o25« = - 1 8.0** (c=0. 1 , methanol) 
MS (M+H)* 58r 

Analysis: Calculated for 1.69 trifluoroacetic acid • 2.I8H2O: C. 48.97; H. 5.91; N, 6.84 
Found: C. 48.96; H. 5.57; N, 6.71 

1H-NMR (CD3OD, 270 MHz) S (ppm) 7.42 (5H. m). 7.21 (4H. m), 4.93 (1 H, m). 4.73 (1 H. m), 4.51 (2H. m). 4.28 
50 (1H. m). 3.52 (1H, m), 3.43 (1H, m), 3.18 (4H, m). 2.87 (3H, m), 1.98 (2H. m), 1.94 (3H, s). 1.87 (2H. m). 1.67 
(1H. m). 1.06 (3H. d), 0.97 (3H. d) 



55 
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Example 61 

(S^R*)-N■^2^[N-[2-(Acetylamlno)-3^mercaptop^opyl^L^valyll-1,2,3,4^tetrahydro-^ 
nyll-L-methionlne, trtfluoroacetate (4:5) salt 




25 A. (S*,R>N-g2-[N-[2-Amtno-3-[(triphenylmethyl)thlolpropyll-L-valyl>1,2,3Atetrahydro-3^ 
nyllcarbonyll-L-methlonIno, methyl ester 

Compound 1G (230 mg, 0.469 mmol) was stirred in trifluoroacetic acid (7.5 g. 5.0 mU 65.8 mmol) and 
methylene chloride (5.0 mL) for 30 minutes. The mixture was concentrated, dissolved In methylene chloride 
30 (50 mL) and concentrated. This latter procedure was repeated five times to yield Compound A as a dear glass 
(200 mg. 99%), (M+H)* 753-^. 

B. (S*,R*)-N-n2-[N-[2-(Acetylamlno)-3-[(trlphenylmethyl)thio]propy1}-L-valyl]-1,2,3,4>tetrahydro-3-l8o- 
quinollny1]cart>onyll-L«methlonlne, methyl ester 

35 

Compound A(200 nr^g, 0.266 mmol) was dissolved in dichloromethane (10 mL). N.N-Diisopropyl ethyl amine 
(74 mg, 0.1 mL, 0.574 mmol) and acetic anhydride (55 mg. 0.1 mL, 0.541 mmol) were added. The mixture was 
stirred for 2 hours, concentrated and chromatographed (silica gel. 4.1 X 15 cm, 50% ethyl acetate, 50% hex- 
ane). Fractions containing the desired compound were collected and concentrated to yield Compound B as a 
40 Clear oil (1 00 mg, 47%). 
(M+H)* 795* 

C. (S\R*)-N-[P-[N-[2-(Acetylamino)-3-mercaptopropyn-L-valyll-1,2,3Atetrahydro-^-tsoqul^ 
bony11-L-methlonlne, trtfluoroacetate (4:5) salt 

45 

The title compound (38 mg) was prepared using Compound B (100 mg, 0.126 mmol) in the method de- 
scribed In Example 1H. 
M.P. 98-99*»C, Purity > 98.9 % 
[a]D25 - . 4i.o*' (c=0.1, methanol) 
50 MS (M+H)* 539* 

Analysis: Calculated for 1.25 trifluoroacetic acid • 0.96 water C. 47.28; H, 5.94; N, 8.02; 
Found: C, 47.28; H, 5.60; N, 7.81 

1H-NMR (CDsOD, 400 MHz) 6 (ppm) 7.28 (4H, m), 4.84 (2H, m), 4.65 (1H, m), 4.52 (2H. m), 4.31 (1H, m). 4.09 
(1H, d, J=6.4 Hz). 3.63 (1H, m). 3.48 (2H, m). 3.14 (1H. m). 2.68 (2H, m), 2.38 (2H. m), 1.99 (3H. m). 1.92 (IN, 
55 m), 1.89 (3H. s). 1.77 (1H. m). 1.66 (1H. m). 1.14 (6H. m) 
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Example 62 

[RMS*(y)l>N-[I2-[N-[2-amino-3-[(2-amlno-2-carfaoxyethy1)dlthlolpropy1>L-^^^ 
Isoqulnollnyllcaffaonyll'L-methionlne 

Chiral 



10 



15 



20 




A. [R*[S*(S*)]l-N-[[2-[N-I2- amlno-3>[(2-amlno-2-carfaoxyethyl)dlthlolpropyll-L-valytl-1,2,3,4-tetrahy- 
dro-3-teoqulnollnyl]carfaonyll-L-methlonlne 

Cystine (59 mg. 0.24 mmol) was combined with Compound 1 H (30 nr>g. 0.06 mnrwl) In 2 mL of 0.2 M Hepes 
30 buffer adjusted to pH 7.4. The solution was allowed to stand for 5 hours followed by HPLC purification (YMC 
- S-10, ODS 30 X 500 mm. monitoring at 220 nm, flow rate, 20 mL/minute. 30-50% B over 45 minutes). The ap- 
propriate fractions were collected and lyophilized to give 14 nr>g (38%) of the title compound, 
mp 130-132<'C 
MS: (M+H)*618* 

35 iH-NMR(CD30D. 270 MHz) 6 (ppm) 7.14 (4H. m). 4.71 (1H, m), 4.60 (1H, m). 4.45 (1H, d), 4.30 (1H, d). 4.07 

(2H, m) 3.70 (1H. m), 3.55(1H.m), 3.47(1H, m), 3.07(2H, dd). 2.87(1Km). 2.75(1H.m). 2.6(1H. m), 2.40(1H.m), 

2:i-1.75{2Km), 1.95 (3H. 2s), 0.99 (6H. m) 

Elemental Analysis for CseH^i NsOeSa ^CzHFaOj. 1 .3 water 

Calculated: C 37.28. H 4.38. N 6.39. 
40 Found:C 37.6. H 4.81. N 6.70 

Wd^*; -84« (c = 0.05. methanol) 

C-18 (YMC ODS. 5 micron. 120 A . 6 x 150 mm) , 220 nm. isocratic conditions at 10-90% aqueous methanol 
over 30 minutes containing 0.2% phosphoric acid, 1.5 mL/minute monitoring at 220 nm 
RT 15.05 minutes 
45 HI = >98% 
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Example 63 

(S\R>N,N^DIthlobl8(2-amlno-3,1-propanedlyl)bl8[N-n2-(L-valyl)-1,2,3Atetrahydro-3-ls^ 
ny11caffaonyl}"L-methlonlne] 



10 



IS 



20 



25 




A. (S^R>N,N^PIthlobla(2■amlno■3,1■propanedlyl)b^s[N^[[2^(L■valyl)■1,2A4^tet^ahyd 
30 nyllcart)onytH--in9thlonlne] 

Compound 1H (70 mg, 0.141 mmol) was dissolved in 0.1% trifiuoroacetic acid in water (10 mL). The sol- 
ution was allowed to stand at room temperature for 72 hours and lyophilized. This crude solid was purified by 
preparative HPLC (YMC-C18 column, 2.2 X 25 cm, 5 micron, 120 angstrom; solvent A, 0.1% trifiuoroacetic 

35 acid in water solvent B, 0. 1 % trifiuoroacetic add in acetonitrite: 30-40% B in 40 minutes, flow rate 9 mL/minute; 
UV monitored at 220 nm). Fractions containing the desired product were combined and lyophilized to provide 
the title compound (30 mg, 43%). 
M.P. 115-116'»C 
Purity > 96% 

^ Wd" = **-42.2 (c=0.09, methanol) 
MS (M+H)* 99r 

Analysts: Calculated for 4.0 trifiuoroacetic acid • 3.71 water C. 42.83; H. 5.42; N, 7.40; 
Found: C, 42.83; H, 5.28; N, 7.47 

^H-NMR (CD3OD. 400 MHz) 6 (ppm) 7.26 (8H. m), 4.84 (8H, m), 4.55 (2H. m). 4.38 (2H. m), 3.80 (2H, m), 3.57 
45 (2H. m). 2.95 (4H, m), 2.72 (2H, m). 2.48 (2H. m). 2.31 (2H, m). 2.13 (4H, m). 2.05 (6H, m), 1.96 (4H, m). 1.07 
(12H, m) 
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Example 64 

(S*,R>N-[I2-CN-[2-Amlno-3-(methy1dlthlo)propylH-valyt>1,2,3Atetrahydro-3-l8oq^ 
nyll-L-methlonlne, trtfluoroacetate (1:2) salt 




20 A, (S*,R*)-N-[[2-[N-[2-Ainlno-3-(methyl dlth^o)p^opyl^L■valyll^1,2,3,4■t9trahydr<>^3^isoqulnollnyllca^^ 
bonyll-L-methlonlne, trtfluoroacetate (1:2) salt 

To a solution of Compound 1H (100 mg. 0.20 mmol) in a mixture of methanol/water (0.5/0.3 mU deoxy- 

genated) at 0°C under argon was added methyl methanethiosutfonate (36 \iU 0.35 mnrK>l). The reaction mixture 
25 was warmed to and stirred at 5°C overnight (16 hours). The volatiles were removed in vacuo. The residue was 

purified by preparative RP HPLC (YMC. S10, 30 x 500 mm. C18 column) eluting with 36% to 70% aqueous 

methanol over 1 hour. Appropriate fractions were collected and lyophilized to afford white lyophilate of the title 

compound (65 mg). 

m.p. 77-80<»C 
30 MS (FAB): (M+H)*= 543 

IR (KBr) 2974, 1676, 1431. 1204. 1140 cm-i 

[a]o = -45.9° (c = 0.18, methanol) 

HPLC: YMC. S3, CI 8 (6 x 150 mm) column, 220 nm, 1.5 mL/minute: 10-90% aqueous methanol with 0.2% 
phosphoric acid, linear gradient over 30 minutes Retention time: 18.8 minutes. 



35 


Elemental analysis for C24 
trif luoroacetic acid: 


H38N4O4S3. 1.6 H2O.2.I 








C 


H 


N 


S 


F 


40 


Calculated: 


41.76 


5.38 


6.91 


11.86 


14.76 




Found: 


41.75 


5.23 


6.77 


11.88 


14.70 



iH NMR (CDQa, with 5% CD3OD, 400 MHz): 6 7.29-7.20 (4H, m), 4.92 (1H, d, J=16.7 Hz), 4.77 (1H. m). 4.56 
^ (1H, d. J =16.7 Hz), 4.48 (1H, m), 3.50-2.90 (6H. m). 2.44 and 2.34 (3H. two s), 2.2-2.1 (2H, m), 2.04 andl.91 
(3H, two s). 1.80 -1.60 (3H, m). 1.11 (3H, d, J = 6.8 Hz) 1.09 (6H, d. J = 6.4 Hz) 
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Example 65 

N-n(S)-1,2,3,4-Tetrahydro-2-[N-[[(4R)-2-methyl-4-thia20lldlnyllm9thyll-L-valyl>^ 
nyt}-L-tnethlonlne, trifluoroacetate (1:2) salt 




25 A. N-n(S)-1,2,3ATetrahydro-2>[N-[[(4R)-2-methyl-4^thlazolldlnyl]methyl]-L-valy^^ 
bonytl'L-methionlne, trtfluoro acetate (1:2) salt 

Compound 1H (60 mg, 0.121 mmol) was dissolved In dlchloromethane (10 mL). The solution was cooled 
to O^C and acetaldehyde (0.39 g, 0.50 mL. 8,94 mnrwl) was added. The mixture was stirred for 1 hour at 0*C. 
30 The solvent was evaporated to half the volume under a stream of nitrogen and the solid was filtered and dried 
under a vacuum for 5 hours to provide the title compound (35mg. 55%). 
MP. 156-157«C 
Purity > 93% 

[a]i,26 = . 8.0 (c=0.1. methanol) 
35 MS (M+H)* 523* 

Analysis: Calculated for 1.90 trifluoroacetic acid • 1.25 water C, 45.40; H, 5.61; N. 7.35; 
Found: C, 45.39; H, 5.47; N, 7.00 

1H-NNR {CD3OD, 400 MHz) d (ppm) 7.27 (4H, m), 4.75 (2H. m), 4.65 (1H. m), 4.56 (2H, m), 4.11 (1 H, m). 4.03 
(1H, m). 3.21 (1H, m), 3.16 (3H. m). 3.00 (1H. m), 2.75 (1H. m). 2.55 (2H. m), 2.42 (1H, m). 2.14 (1H, m). 2.07 
40 (3H. m), 1.93 (1H, m). 1.43 (3H. m). 1.19 (3H. d. J=6.8 Hz), 1.14 (3H. d, J=7.3 Hz) 
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Example 66 

(S^R>N-^1,2,3,4■Tet^ahyd^o-2^[N■(4■thlazolldlny^methy^)^L^valy^]0-lsoqulnollnyl]M 
thionlne, trifluoroacetate (1:5) salt 




A. (R>-4-[(N-Methoxy-N-methylainlno)carfaonyl]-3-thlazolldlnecarfaoxyllc acid, 1,1-dlmethylethyi ester 

(R)-3.4-Thiazolidinedicart)oxylic acid, 3-(1,1-dimethylethyl) ester (1g, 4.97 mmol). bromotris-pyrrolidino- 
phosphonium hexafluorophosphate (5.1g, 10.93 mmol), and dimethylaminopyridine (200 mg, 1.6 mmol) were 
dissolved in methylene chloride (20 mL). N.O-Dimethylhydroxylamine hydrochloride (1.07 g. 10.93 mnwl) and 
N,N-diisopropyiethylamine (4.5 mL, 25.7 mmol) were added. The reaction mixture stirred for 1 hour at room 
temperature and was concentrated and chromatographed (silica gel. 7.1 X 20 cm, 40% ethyl acetate, 60% hex- 
ane). Fractions containing the desired compound were collected and concentrated to yield Compound A as a 
white solid (700 mg. 51 %). 
(M+H)* 27r 

B. (R)-4-Formyl-3-thlaxolldlnecarboxyHc acid, 1,1-dimethylethyl ester 

Compound B (500 mg. 92%) was prepared as a white glass using Compound A (0.7 g. 2.5 mmot) in the 
method described in Example 1 F. 

C. (S*,R*)l-N-[[2-[N-[P-[(1,1-Dlm6thylethoxy)carfaonyll-4-thlazolldlny1lmethyt}-L-vatyn-1,2,3,4-tetra 
dro-3-l8oqulnollnyllcaft>onyl]-L-methionlne, methyl ester 

Compound C (400 mg. 25%) was prepared using Compound B (0.5g. 2.3 nrunol) and Compound 10 (1.6 
g. 2.5 mmol) in the method described In Example 1G. 
MS: (M+H)* 622*. 

D. (S*, R^l*N-[[2-[N-a3-[(1,1-Dlmethylethoxy)carfaonylH^thlazolldlnynmethyl>L-vaiy1l-1,2,3Ate 
hydr<»-3-l8oqulnollnyt]cart>onyl]'L-methlonlne 

To 25 mL of methanol was added Compound C (300 mg. 0.48 mmol) along with 2N sodium hydroxide ad- 
justed to pH 12. This was allowed to stir until there was quantitative formation of the desired comp und as 
detected by tic (chl rofonm. methanol, acetic acid/85:10:5) (3 h urs). The pH was adjusted t 3-4 using IN 
p tassium bisulfate and ethyl acetate (30 mL) was added. Th layers w re separated and the aqueous layer 
was washed with thyl acetate (3 x 30 mL). The organic extracts were pooled, dri d (magnesium sulfate) and 
concentrated to give 312 mg f Compound D (98%). 
MS (M+H)* 60r. 
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E. {S^R>N^[I1,2,3,4■Tetrahyd^o-2■[N^(4^th^azo^ld^ny^methyl)-L-valy^^3^lsoquinoliny^lca^fa 
thionine, trifluoroacetate (1:5) salt 

Compound D 250 mg (0.41 mmol) was combined with trifluoroacetic acid (10 mU), methylene chloride (5 
5 mL) and dimethylsutf ide (0.5 mL). The solution was stirred for 1 hour, followed by concentration under vacuum. 
Methylene chloride was added and the solution was reconcentrated and thoroughly dried under vacuum. Yield 
of residue, 240 mg (quantitative yield). HPLC purification was performed under the following conditions; Sol- 
vent A; 0.1% trifluoroacetic acid in water. Solvent B; 0.1% trifluoroacetic acid in methanol (YMC S-10. ODS 
30 X 500 mm, nrwnitoring at 220 nm. flow rate. 20 mL/minute, 30-50% B over 45 minutes). Fractions containing 
10 the nr^ajor peak (220 nm) were pooled and lyophilized to yield 194 mg (67%), of the title compound as a white 
powder. 

MS (M+H)* 509* 

iH-NMR(CD30D. 270 MHz) d (ppm) 7.17 (4H. m), 4.67 (4H, m), 4.20 (2H. m), 3.28 (2H. m). 3.06(2H. m), 
2.89(1 H. q) 2.40 (1H, m), 2.08 {1H. m), 1.95(2H. s), 1.89 (1H, s) 1.09 (6H. m) 
IS Elemental Analysis for (i24H3«N404S2-1 .4C2HF3O2. 1 .53 water 
Calculated: C 46.26, H 5.86, N 8.05. S 9.21 F 11.47 
Found: C 46.26. H 5.70, N 7.82. S 9.03, F 11.46 
(alo^s; .300 (c = 0.94. methanol) 

C-18 (YMC ODS, 5 micron. 120 A, 6 x 150 mm) . 220 nm. isocratic conditions at 10-90% aqueous methanol 
20 over 30 minutes containing 0.2% phosphoric acid, 1 .5 mL/minute monitoring at 220 nm 
RT 17.34 minutes 
HI = >97% 

Example 67 

25 

(S*,R*)-N-[I2-[N-[2-(Acetytamlno)-3-(acetylthlo)propyl}-L-valyl]-1,2,3,4-tetrahydro-3-isoqulnollny 
bonyll'L-methlonlne, trtfluoroacetata (2:3) salt 



30 



35 



40 



45 




A. (S^R>N■[[2-[N-[2-(Acetytaml^o)■3-(acetyl^hlo)propyl^L^valyl^1,2,3,4■tetrahyd^o■ 
nytlcartoonyll-L-methlonlne, trifluoroacetate (2:3) salt 

50 

Compound 1H (70 mg, 0.141 mmol) was dissolved in dichloromethane (10 mL). N,N-DiisopropylethyI 
amine (74 mg, 0.1 mU 0.574 mnrwl) and acetic anhydride (55 mg, 0.1 mU 0.541 mmol)wer added. The mixture 
was stirred for 2 h urs, concentrated and purified by preparativ HPLC (YMC S-10 ODS column. 30 X 500 
mm; solvent A, 0.1% trifluoroacetic acid in 90% water, 10% m thanol; solv nt B, 0.1% trifluoroacetic acid in 
55 1 0% water, 90% methanol: 50-100% B in 70 minutes, flow rate 20 mL/minute; UV nwnit red at 220 nm). Frac- 
ti ns containing th desired product were combined and ly philized t provide the titi c mpound (30 mg). 
M.P. 91-92*C 
Purity > 97.9 % 
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[a]Q25 = .370 (c=0.1, methanol) 
MS(M+Hr58r 

Analysis: Calculated for 1.50 trifluoroacetic acid ■ 0.13 H2O: C, 47.78; H. 5.58; N, 7.43; 
Found: C, 47.78; H, 5.78; N, 7.55 
5 1H-NMR (CD3OD, 400 MHz) 6 (ppm) 7.28 {4H. m), 4.89-4.68 {2H, m), 4.53 (2H, m), 4.32 (1H. m), 4.12 (IH, d, 
J=7.3 Hz), 3.66 (1H, nn). 3.49 (1H. d, J=12.8 Hz). 3.34 (1H, d, J=10.7 Hz), 3.18-3.00 (3H, m). 2.40 {3H, s), 2.35 
(1H, m), 2.01 (IH. (Til 1.95 (3H, s), 1.89 (3H, s), 1.85 (IH. m). 1.71 (IH. m), 1.61 (IH, m), 1.13 (6H, m) 

Example 68 

10 

N-[I(S)-1,2,3,4-Tetrahydro-2*[N-(2-hydroxy-34nercaptopropyt^L-valyjl-3-i8oqulnon 
methionine, trtfluoroacetate (1:1) salt 



15 



20 



25 




A. [[(Trlphenylmethyl]thlo]methylloxlrane 

30 

A mixture of triphenylmethyi mercaptan (2.76 g, 1 0 mmol). (±)-epichlorohydrin (1 mL. 1 2 mmol). and cesium 
cartwnate (4.87 g. 15 mmol) In dlmethylformamide (25 mL) was stirred at 25«C for 4 hours, after which it was 
poured into water and extracted with ethyl acetate. The extract was dried and concentrated to an oil. The oil 
was purified by flash chromatography on silica gel (300 g). eiuting with 4:1 hexane:ethyf acetate, to give an 
35 oil. Trituration with petroleum ether containing a few drops of diethyl ether gave Compound A as a white solid 
(2.0 g, 60%). 

B. N-[[(S)-1,2,3,4>Tetrahydro-2-[N-[2-hydroxy-3-[(triphenylmethyl)thlolpropyl^L-valytl-3-l^^ 
nyllcart>ony<l-L-methlonlne, methyl ester 

40 

A mixture of Compound A (500 mg, 1 .5 mmol), Compound 1 D (640 mg, 1 .4 mnwl) and triethylamine (0.28 
mU 2.0 mnrx)!) in methanol (7 mL) was heated at reflux for 1 5 hours, after which it was concentrated in vacuo. 
The residue was partitioned between ethyl acetate and sodium bicarbonate, and the aqueous layer was further 
extracted with ethyl acetate (3x). The combined extract was dried and concentrated. The residue was purified 
45 by flash chromatography on silica gel (300 g), etuting with a step gradient from 20:20:1 to 0:10:1 hexane:ethyl 
acetate: [pyridine 20:acetlc acid 6:water 11]. to give Compound B as a golden oil (540 mg, 51%). 

C. N-tI(S)-1,2,3ATetrahydro-2-[N-[2-hydroxy-3-[(trlphenyfmethyt)thlolpropyl]-L-valytl-3-lsoquinol^ 
nyllcarbonyll"L-methlonlne 

50 

A mixture of Compound B (400 mg, 0.53 nrunol), tetrahydrof uran (10 mL). methanol (10 mL) and 1 N sodium 
hydroxid solution (2 mL) was stirred at 25**C for 30 minutes, aft r which It was poured into excess 1 N hydro- 
chloric acid and extracted with ethyl acetate. The extract was dried and concentrated to give Compound C 
(350 mg. 89%). 
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15 



20 



25 



D. N-n(S)-1,2,3,4>Tetrahydro-2"[N«(2-hydroxy-3-mercaptopropyl)-L'valyl}"3>l8oqulnollnyll*cart)onyll-L- 
methionine, trifluoroacetate (1:1) salt 

A mixture of Compound C (330 mg. 0.45 mmol). trif luoroacetic acid (20 mL) and triethytsi tane (1 ml) was 
stirred for one hour at 25°C, after which it was concentrated in vacuo. The residue was purified by preparative 
HPLC (YMC S-10 ODS column. 30 x 500 mm, eluting with 50 mUminute of a linear gradient from 32% to 90% 
aqueous methanol containing 0.1% trif luoroacetic acid over 30 minutes). Fractions were nranitored by UV ab- 
sorfoance at 220 nm. Those containing the first major product to elute were combined and concentrated. The 
residue was lyophilized to give the title compound as a hygroscopic white solid (100 mg, 42%). 
mp: ei-IOS^C 
[alo: -33' (c = 0.6, ethanol) 
IR (KBr): 3432, 2974, 2575, 1672, 1437 cnri 
MS: 498-^ (M+H)* 

NMR: (CD3OD) 1.18 (6H, m), 2.07 (3H, s), 1.8-4.9 (17H, m) 

NMR: (CD3OD) 174.8, 173.3, 168.2, 168.2, 135.4, 135.3, 129.3, 129.2, 128.4, 128.2. 126.9, 126.8, 69.8. 
68.7, 64.1, 63.3, 57.5. 51.7. 51.6. 32.5, 31.7, 31.0, 29.6, 29.3, 18.8. 18.5, 18.3. 18.2, 18.0. 15.2 ppm 
TLC: R, 0.67, EM silica gel, 1:1 ethyl acetate: [pyridine 20:acetic acid 6:water 11], UV + PMA stain 
HPLC: > 97% at 17.8 minutes (YMC S3 ODS column. 6.0 x 150 mm. eluted with a 30 minute linear gradient 
from 10% to 90% aqueous methanol containing 0.2% phosphoric acid, monitored at 220 nm) 



Analysts Calculated for C23H35N305S2 . 1.00 trif luoroacetic 
acid . 0.5 water 





C 


H 


N 


S 


F 


Calculated: 


43.38 


6.01 


6.77 


10.33 


9.18 


Found: 


43.38 


6.18 


6.67 


10.48 


9.29 



^ Example 69 

(S*, R*) ■N-[[1,2,3,4 ■Tetrahydro-2-[N-I3-mercapto-2-[(3-phenylpropyl)amlnolpropyll-L-valyl]-3-l8oqul- 
nollnyllcarbonyl>L-m0thlonlne, trifluoroacetate (1:2) salt 

55 



40 



45 




50 



A. (S*,R*>-N-[I1,2,3,4-Tetrahydro-2-[N-[2>[(3-phenylpropyl)amlnol-3-[(triphenylmethyl)thlolpropylhL- 
valyl}-3-lsoqulnollnyllcart>onyll'L«methlonlne, methyl eater 

Ckwnpound 61A (450 mg, 0.598 mnrrol) and hydrocinnanrwddehyde (80 mg, 0.080 mU 0.598 mnDol) were 
used in the method described in Example 5C to prepare Ck>mpound A as a dear il (300 mg, 58%), (M-t-H)" 
871*. 
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B. (S*,R*)-N-II1,2,3,4>Tetrahydro-2-[N-[3-mercapto-2-[(3-phenylpr pyl)afnlno]pr pyllL-valyll-3-isoqul- 
nolinyllcarfaonylpL-methlonlne, trifluoro acetate (1:2) salt 

Compound A (300 mg, 0.34 mmol) was used in the two step procedure described in Example 1 H to prepare 
5 the title compound (57 mg, 20 %), Purity > 99 % (YMC S3 ODS column, 6 X 150 mm, 220 nm. 1,5 mL/min. 0- 
100% B in A over 30 minutes (A, 0.2% H3PO4 in 90% H20. 10% methanol; B, 0.2% H3PO4 in 90% methanol, 
10% H2O), RT 22.96 minute. Hl>99%), [a]D25*' = - 41.0*' (c=0.1, methanol). MS (M+H)* 615*- Analysis: Calcu- 
lated for 1.80TFA- O.55H2O: C. 51.52; H, 5.94; N, 6.75 Found: C. 51.54; H, 5.77; N, 6.65. ^H-NMR (CD3OD, 
270 MHz) 8 (ppm) 7.33-7.16 (9H, m), 4.84 (2H, m), 4.72 (1H, m), 4.69-4.59 (2H, m), 4.55 {1H, m), 4.37 (1H, 
10 m). 3.36 (2H, m), 3.16-2.97 (3H, m), 2.85 (2H. m), 2.80-2.68 (2H. m), 2.48 (1H. m). 2.29 (1H, m), 2.21-2.08 
(2H, m), 2.02 (3H. s). 1.99 (2H, m). 1.90 (1H. m), 1.15-0.92 (6H, m). 

Example 70 

15 (S*,R>N^[[2-[N-(2-Amlno-^mercaptopropyl)-L-valyl^1,2,3,4-tetrahydro-3-lsoqulnollnyll-carfaonyll 
hydroxy-N-methyl-L-methlonlnamlde, trifluoroacetate (1:2) salt 



20 



25 



HS^ H 




SCH3 



30 A. (S*,R>N^[[2-[N-[2-[I(1,1-Dlmethylethoxy)carbonyl]amlnol-3-[(triphenytmethyl)thlolpro^^ 
lyll-1,2,3,4-tetrahydro-3-lsoqulnollnyl]cartoonyll-N-methyt-N-hydroxy-L-methlonlnainlde 

To a solution of Compound 1G (9.8 g, 0.176 mmol) in tetrahydrofuran:methanol (70 mL, 5:2) was added 
2N lithium hydroxide (1 5 mU 30 mmol). After stirring for 20 hours, more 2N lithium hydroxide (7.5 nr>i, 1 5 mmol) 
, 35 was added. After stirring for 20 more hours. 1 N hydrochloric acid (40 mU 40 mmol) was added, and the reaction 
was concentrated to 60 mL The aqueous solution was extracted with chloroform (3 x 200 mL), dried over so- 
dium sulfate, filtered and concentrated to give a white solid (9.30 g, 100%). 

To a solution of this solid (400 mg. 0.477 mmol) in dimethylformamide (2 mL) at 0" under nitrogen was 
added N-methylhydroxylamine hydrochloride (40 mg, 0.477 mnwl), diisopropylethylamine (166 jil. 0.984 

40 mnwl), and benzotria2ol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (211 mg. 0.477 
mmol). After stirring the mbrture at 0* for 20 hours, the reaction was diluted with ethyl acetate (1 00 mL) and 
washed sequentially with saturated sodium bicarbonate (40 mL), 1 0% citric acid (40 mL) and 1 0% lithium chlor- 
ide (3 x 40 mL), dried over sodium sulfate, filtered and concentrated in vacuo. The residue was purified on 
silica gel (100 ml, eluting with hexane:aoetone:methanol, 5:2:0 to 1 :1 :0.01) to give Compound A(288 mg, 70%, 

45 white solid), 
mp: 83-86' 
MS: (M+H)* 868* 

B. (S*,R>N»-[P-[N-(2-Amlno-3-mercaptopropyl)-L-valyl^1,2,3Atetrahydro-3-l8oqulnollnyllcaritw 
50 N-hydroxy-N-methyt-L-methlonlnamlde, trifluoroacetate (1:2) salt 

To a solution of Compound A (288 mg. 0.332 mmol) in trifluoroacetic acid (3 mL) at 0° under nitrogen was 
added triethylsilane dropwis until the yellow color was g ne. After stirring 30 minutes at 0"", the mixture «m 
concentrated in vacu . Th residue was purifi d by prep HPLC (YMC ODS S-10, 30 x 500 mm, 22 mL/mm.i0- 
55 90% aqueous nwthanol, 0.1% trifluoroacetic add. 60 min). Th proper fractions were combined. cofK»ntr»t«i 
t 1/4 V lume and lyophilized to give th title compound (85 nr)g, 32%). 
mp: 103-105** 
MS: (M+H)* 526* 
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10 



15 



IR: (KBr) 1678, 1653. 1520. 1433, 1204. 1184 cm-i 

TLC: R, =0.18 (chloroform: methanol :acetic acid, 9:1 :0.05. visualized by eerie ammonium sulfate) {a)D = -30.2° 
[c = 0.24. methanol] 

HPLC: 96.6% at 11.2 min. YMC S3 ODS, 6.0 x 150 mm, X = 220nm, 27% aqueous methanol, 0.2% H3PO4. 1.5 
ml/mi n 

iH NMR 270MHz {CD3OD): 1.15-1.38 (m. 6H). 1.87-2.62 (m, 8H). 2.92-3.86 (m. 11H plus CD3OD). 4,42-5.23 
(m. 4H plus water), 7.32-7.42 (m, 4H) 

13C NMR 100MHz (CD3OD) : 15.5. 15.6, 17.4. 17.6. 17.9. 18.2. 18.4. 19.8, 20.2, 25.9, 26.1, 31.3. 31.5, 32.3. 
32.5, 32.6. 32.8, 33.0. 33.7, 36.9, 37.0. 46.3, 47.7. 50.6. 51.1. 53.2, 57.6, 57.7, 57.8, 66.3. 66.4. 127.2. 127.8. 
128.2. 128.9, 129.0. 129.1. 129.5, 129.7, 133.9, 134.3, 134.6, 135.8, 171.7. 172.6. 173.4, 173.5, 173.8 



Elemental Analysis for : 
CF3CO2H 


C24H39N5O4S2-1.00 H20.2.25 




C 


H 


N 


S 


F 


Calculated: 


42.77 




5.45 


8.75 


8.01 


16.02 


Found: 


42.86 




5.14 


8.51 


7.97 


16.23 
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25 
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35 



Example 71 

(S*,R>N-II2-[N-(2-Amino-3-mercaptopropyl)-L-valyll-1,2,3,4-tetrahydro>3-l8oquinoHnyllM 
methyl-L-homoserine, trifluoroacetate (1:2) salt 



0 




0 V^COjH 



OCH3 



40 



45 



SO 



A. 0-Methyl-L*homo8erlne, methyl eater, hydrochloride salt 

Sodium hydride (60%. 0.365 g. 9.12 nrrniol) was added to a solution of N-t-butyloxycart)onyl-L-homoserine 
(1.0 g. 4.56 mmol) in tetrahydrofuran (20 mL) at 0*»C. The reaction was stirred for 30 minutes at O'C, iodome- 
thane (1 .14 mL, 1 8.2 mmol) was added and the reaction warmed to room temperature and stirred for 16 hours. 
The reaction was quenched with 1 N hydrochloric acid (50 nr^) and extracted with ethyl acetate (4 x 50 ml). The 
combined organic extracts were dried (magnesium sulfate), filtered and concentrated under vacuum to afford 
1 .0 g of a gum, which was used without further purification. MS: (M+H)* 234 

Anhydrous hydrogen chloride was added to a solution of this gum (1.0 g, 4.29 mmol) in methanol (60 ml) 
at 0*C. The reaction was warmed to room temperature and stirred for 72 hours. The solution was concentrated 
under vacuum to afford Compound A (0.788 g, 100 %). a gum, which was used without further purification. 
MS: (M-t-H)"^ 148 free amine. 



B. {S*,R*)>N-[r2-[N-P-[[(1,1-Dhnethyleth xy) ariDonyllamIn l-3-[(triphenylmethy1)thlolpropyll-N-[(phe 
nylmeth xy)orfaonyl>L-vatyl}-1.2,3,4-t trahydro-3-ls quin llnyncartoonyn-O-m thyt*L-hom serine, 
^ methyl ester 



Diisopropylethylamin (1 .1 2 mL. 6.45 mmol) was added to a solution of Compound A (0.394 g. 2. 1 5 nnmol). 
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Compound 32E (1.81 g. 2.15 mmol) and b n20tria2ol-1-yloxytris-(dimethylamino)phosphonium hexafluoro- 
phosphate (0.951 g, 2.15 mnrwl) in acetonitrile (30 mL) and dimethylformamide (10 mL). The mixture was then 
stirred at room temperature for 16 hours. The reaction was quenched with IN hydrochloric acid (50 mL), and 
extracted with ethyt acetate (4 x 50 mL). The combined organic extracts were washed with 1 0% lithium chloride 
5 (3 X 100 mL), dried, filtered and concentrated under vacuum. 

The residue was purified by flash chromatography (eluting with 3/1 hexane/acetone) to afford Compound B 
(1.16 g, 56%). as a white solid, 
mp: 57.65'C 

TLC: Hf : 0.85 (1/1 hexane/acetone. visualization by eerie stain). 
10 MS: (M+H)* 971 

C. (S*, R*)-N-[I2-[N-(2-Amlno-3-mercaptopropyl)-L-valyl]-1 ,2,3,4-tetrahydro-3-l8oqulnollnyllcarfaonytl- 
O-methyl-L-homoserine, trifluoro acetate (1 :2) salt 

15 Sodium hydroxide (1 N, 1 .02 mU 1 .96 mnr>ol) was added slowly to a solution of Compound B (0.50 g, 0.52 

mmol) in methanol (15 mL) and stirred for 16 hours. The mixture was concentrated under vacuum, diluted with 
1 N HCI (1 00 mL) and extracted with dichloromethane (3 x 1 00 mL). The combined organic extracts were dried 
(magnesium sulfate), filtered, and concentrated under vacuum to afford 0.497 g of a white solid. - 
TLC: Rf : = 0.37 (9/1 chloroform/methanol. visualization by UV). 

20 MS: (M+H)* 979 

Trif luoroacetic acid (2.6 mL. 34 nwnol) was added to a solution of the solid from above (0.5 g. 0.523 mmol) 
in dichloromethane (5 mL), and triethylsllane (0.836 mU 5.23 mmol) at 0°C. The resulting solution was wanmed 
and stirred at room temperature for 1 hour. The reaction was concentrated under vacuum, and the residue was 
triturated with hexane (2 x 20 mL). The hexane layer was discarded. In a separate flask trif luoroacetic acid 

25 (10.3 mL, 133 mmol) was treated with thioanisole (0.614 mL. 5.23 mmol), 1,2 ethanedithlol (0.439 mU 5.23 
mmol). and p-thiocresoi (0.649 g. 5.23 mmol) at 0**C. This solution was added to the triturated residue, followed 
by the dropwise addition of bronrotrimethyisilane (0.552 mU 4.18 mmoi, 8). The solution was stinred at O^'C 
for 1 .5 hours. The reaction was treated with diethylether (30 mL) and the resulting precipitate was centrif uged. 
The supernatant was renrK>ved and discarded and the solid was washed and centrifuged with diethylether (2 

30 X 30 mL), ethyl acetate (1 x 30 mL) and diethylether (1 x 30 mL). The solid was purified by preparative HPLC 
(YMC S-15 ODS 50 x 500 mm, 220 nm. 50 mL/mlnute, 26%-74% aqueous methanol with 0.1% trif luoroacetic 
acid gradient). The appropriate fractions were concentrated under vacuum at room temperature, and the re- 
sidue was lyophllized to afford the title compound (0.197 g. 53%). 
mp: 78-88*'C 

35 TLC: Rf = 0.65 (6/3/1 n-propanol/ammonium hydroxide/ water, visualization by eerie ammonium sulfate/ am- 
monium nrK>lybdate/ sulfuric acid/ water) 
MS: (M^H)^481 free base 
IR: (KBr), 1204. 1431, 1676. 2974 cxrr^ 



Elemental analysis for C22H38N4S1O5 . 2.4 TFA . 0.3 HjO 




C 


H 


N 


S 


F 


Calculated: 


43.95 


5.17 


7.38 


4.22 


18.01 


Found: 


43.95 


5.28 


7.59 


4.45 


18.01 



iH (DMSO^fl, @125X) : 0.93 (d. 3 H, J = 6.45), 1.00 (d, 3 H. J = 6.45), 1.75-1.80 (m. 2 H). 1.88-1.93 (m. 3 
H), 2.72-3.00 (m. 5 H). 3.17 (s, 3 H). 3.23-3.29 (m. 2H), 3.50 (br m. 1 H), 4.23-4.25 (m. 1 H). 4.53-4.96 (m. 3 
H), 7.16. 17.18 (s. 4 H). 
[alo = - 19.1° , c = 0.22 (methanol) 



Claims 

1. Acomp und of the formula 
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H(X) 




H(Gi) 



or an enantiomer diastereomer. pharmaceutical ly acceptable salt prodrug or solvate thereof, wherein: 
Ai and A2 are each independently H, alkyi, substituted alkyl. cydoalkyi, substituted cydoalkyl, phenyl or 
substituted phenyl; 
Gi is S or O; 

G2 is H, -C(0)OH. -C(0)NH2, S-tetrazolyi. -C(0)N(R7)0H or-CHaOH; 
X Is O or RaN; 

Y and Z are each independently -CH2- or -C(0)-; 

Ri. R2. R3. R4. and R7 are each independently H or alkyi; 

Ri niay also be alkanoyi; 

Ri and Ai taken together may be -(CH2)m; 

R« is H. alkyi. phenyl, phenylalkyl. substituted phenyl, (substituted phenyl)alkyl or-C(0)R9; 
R9 is H. alkyi, phenyl, phenylalkyl. substituted phenyl or (substituted phenyl)alkyi; 
m is 3 or 4; 
n is 0, 1 or 2; 
p is 0, 1 or 2; and 

q is 0 or 1, with the proviso that when p is 0. then q is also 0. 

A compound of Qaim 1 , wherein Ai and Aj are each independently H or D-. L- or DL- -CH3, -CH(CH3)2. 
-CH2CH(CH3)2. -CH(CH3)CH2CH3, -C(CH3)3, -CH2OH, -CH2CH2OH. -CH2CH2CH2OH. -CH(0H)CH3, 






-CH2 CH2 CH2 CH2 NH2t 
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-CH2C(0)OH. -CH2CH2C(0)OH, -CH2C(0)NH2. -CH2CH2C(0)NRiiRi2 where and R12 are each inde- 
pendently atkyt or phenyl, and Rn and R12 taken together may be -(CH2)o- where o is 2 to 6, 
-CH2CH2C(0)NHOH, -CH2SH, -CH2CH2SH. -CH2CH2S(0)2NH2. -CH2CH2OCH3 or -CH2CH2SCH3. 

A compound of Qaim 2. wherein Ai and A2 are each Independently H or L- -CH3, -CH(CHa)2, -CH2CH(CH3)2, 
-CH(CH3)CH2CH3. -C(CH3)3. -CH2OH, -CH2CH2OH, .CH2CH2CH2OH. -CH{0H)CH3, 




-CH2 CH2 CH2 CH2 NH2f 

-CHjCHjCHaNH — f-NHj 




-CH2C(0)0H. -CH2CH2C(0)OH. -CH2C(0)NH2, -CH2CH2C{0)NRiiRi2 where R^ and R12 are each in- 
dependently H. alky! or phenyl, and R^ and R12 taken together may be -(CH2)o- where o is 2 to 6, 
-CH2CH2C(0)NHOH. -CH2SH, .CH2CH2SH. -CH2CH2S{0)2NH2, -CH2CH2OCH3 or -CH2CH2SCH3. 

A compound of Claim 3, wherein 

Ai is L- -CH3. -CH(CH3)2, -CH2CH(CH3)2. -C(CH3)3. -CH(CH3)CH2CH3, -CH2OH or -CH{OH)CH3: 

and 

A2 is L- -CH2CH2SCH3, -CH2CH2OH. -CH2CH2CH2OH. -CH2CH2C{0)NRi,Ri2 where R,, and R12 
are each independently H. alkyi or phenyl, and R^ and R12 taken together may be -(CH2)o- where o is 2 
to 6, -CH2CH2OCH3 or-CH2CH2SH. 

A compound of Qaim 1, wherein Ai is L- -CH3, -CH(CH3)2. -CH2CH(CH3)2. -C(CH3)3, -CH(CH3)CH2CH3. 
-CH2OH or -CH(0H)CH3; Aj is L- -CH2CH2SCH3. -CH2CH2OH. -CH2CH2CH2OH. -CH2CH2C(0)NR„Ri2 
where R11 and R12 are each Independently H, alkyI or phenyl, and Rn and R12 taken together may be 
-(CH2)o- where is 2 to 6, -CH2CH2OCH3 or -CHjCHjSH; G, is S; G2 is -C(0)OH; X is R^N; Y is -CHri 
Ri. R2. R3. R4t Re. R«. R7 and Ra are each H; n is 1; and p is 1. 
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6. A compound of any preceding daim, wherein n is 1 . 

7. A compound of any preceding daim. wherein Ra is H. 

8. A compound of Claim 1 of the formula 



10 



IS 



20 



25 



30 



35 





rtr"!YV 



or an enantlomer, diastereomer, phanmaceutically acceptable salt, prodrug or solvate thereof, wherein: 
Ai and Aj are each independently H, alkyi, substituted alkyl, cydoalkyt. substituted cydoalkyt, phenyl or 
substituted phenyl; 
Gi isSorO; 

G2 is H, -C(0)OH. -C(0)NH2. -C(0)N(R7)0H or -CH2OH; 
X is O or RaN; 

^1. Rs. R7 are each independently H or alkyi; 

Ri may also be atkanoyi; 

Ri and A^ taken together may be -(OH^m, 

Re is H. alkyl. phenyl, phenylalkyt, substituted phenyl, (substituted phenyi)alkyl or-C{0)R9; 
R9 is H, alkyl. phenyl, phenytalkyl. substituted phenyl or (substituted phenyl)alky1: 
m is 3 or 4; 
n is 0. 1 or 2; 
p is 0, 1 or 2; and 

q is 0 or 1 . with the proviso that when p is 0, q is also 0. 
9. A compound of Claim 1 of the formula 



40 



45 



SO 




or an enantiomer. diastere mer, phanmaceutically acceptabi salt, prodrug or sohrate thereof, wtwwn. 
A, and A2 are each indep ndently H. alkyl, substituted alkyl. cydoalkyt. substituted cydoalkyl. ph#ny4 or 
substituted phenyl; 
X is O or RaN; 
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Y and Z are independently -CHj- or -C(0)-; 

Ri, R2. R3. Re. R« and R7 are each independently H or alkyi; 

Ri nnay also be alkanoyi; 

Ri and Ai taken together may be -(CHdn,; 

Ra is H. alkyI, phenyl, phenylalkyl. substituted phenyl, (substituted phenyl)alkyl or -C(0)R9; 
R9 is H, alkyt, phenyl, phenylalkyl. substituted phenyl or (substituted phenyl)alkyl; 
mis 3 or 4; 
n Is 0, 1 or 2; 
p is 0, 1 or 2; and 

q is 0 or 1, with the proviso that when p is 0, q is also 0. 

A compound of Qaim 9. wherein Ai is L- -CH3, -CH(CH3)2. -CH2CH(CH3)2. •C(CH3)3, .CH(CH3)CH2CH3. 
-CH2OH or -CH(0H)CH3; Aj is L- -{CH2)2SCH3. -CH2CH2OH. -CH2CH2CH2OH, -CH2CH2C(0)NR„Ri2 
where R^ and R12 are each independently H. alkyI or phenyl, and Rn and R12 taken together may be 
-(CH2)o- where o is 2 to 6, -CH2CH2OCH3 or .CH2CH2SH; Y is -CHr; 2 is -0(0)-; X is ReN; Ri. R2. R3, R4. 
Rg, Re and Re are H; n is 1; and p is 1. 

A compound of Claim 1, selected from: 

(R^S>N-^I2-[N-(2-Amino-3-me^captopropyl)-L-valy^]-1,2.3.4-tetrahyd^o-3-isoquinolinyll 
nine. 

(R*)-N-[[2-[N-(L-Cysteinyt)-L-valyi]-1.2.3,4-tetrahydro-3-isoquinolinyl)carbony1)-L-methionine, 

(R*>-N-[I2-[N-(L-CystBinyl)-L-valyl]-1 .2,3.4-letrahydro-3-isoquino(inyl)cart>onyl]-L-methionine. methyl ester. 

(R>rHI2-[N-(3-Mercapto-1-oxopropy1)-L-valyl]-1.2.3,4-tetrahydro-^tsoquinoliny^ 

(R\R>N-[[2-[2-(L-C^lnylamino)-3-nf)ethylbutyn-1,2,3.4-tetrahydro-3-is^ 

(R*)-N-[[2-[N-(3-Mercaptopropyl)-L-valyl]-1.2.3.4-tetrahydro-3-isoquinolinyilcarbonyl]-L-methionine, 

(R-)-I^Q2-[N-(3-Mercaptopropyl)-L-alanyt]-1,2,3,4-tetrahydro-3-isoquinolinyl]carbonyl>L-m 

(R*)-N-n2-^-(3-MercaptDpropyt)-NHneth^-L-valyl>1,2,3.4-tetra 

{R*,R«)-N-|P-{2^(3-Mercaptopropyl)amino>3HTiethy1butyl>1,2.3,4-tetrahydro-3-is^ 

thionine. 

(R*)-N-[[2-[N-(3-Mercaptopropyl)-L-propyl]-1.2.3.4-tetrahydro-3-isoquinolinyI]cart)onyil-L-methionlne. 
{R*)-N-n2-nsl-(2-Mercaptoethyl)-L-valy!K1,2.3,4-tetrahydro-3-isoquinolinyl]cart)onyl>L-methionin 
(R>N-n2-[N-(3-Mercapto-1-oxopropyl)-L-valyll-1.2.3,4-tetrahydro-3-isoquinolinyl]carbonyl]-L-methio- 
nine, methyl ester, 

(R^S•^2-[^4-(2-Amino-3-mercaptopropyl)-L-valyll■1,2,3.4-tetrahydro-N-[3-(methylthio)propyl^3-isoqui- 
nolinecarboxamide. 

(R>2-[N-(3-Mercaptopropyl)-L-vaIyl^1.2.3,4-tetrahydro-N-[3-(methyithk))propy1]-3-is^ 
(R>N-[I2-[N-(L-Cysteinyl)-L-valyl]-1,2.3.4.tetrahydro-3-isoquinolinyl]cart)onyl}-L-alanine. 
{R^R>N-[I2-[^^(2-Amino^hydroxy-1-oxobutyl)-L-valyl^1,2.3,4-tetrahyd^o-3-isoquinol^ 
methionine, 

(R*.R')-2-IN-(L.Cystelnyl)-L-valyil-1.2,3.4-tetrahydro-N-(1-(hydroxymethyl)-3-(methylthio)propylJ-3-iso- 
quinolinecarboxamide, 

(R*)-N-[I2-(L-Cystelnyl)-L-valyl]-1,2,3.4-tetrahydro-3-isoquinolinyl]carbonyl>L-phenylaIanine. 
(R>N-[[2-[N-(L-Cysteinyl)-L-valyl>1,2,3,4-tetrahydro-3-isoquinolinyf]cart)onyl]-L-serine. 
(R*)-NMI2-[N-(L-Cysteinyl)-L-valyll-1.2.3,4-tetrahydro-3-isoquinolinyl]cart>onyl)-N-hydroxy-^^ 
namide. 

(R>N-n2-[N-(L-Cysteinyl)-L-valylh1.2,3.4-tBtrahydro-3-isoquirK)linyl]cartx)^ 
(R>N-[[2-[N-(L-Cysteinyl)glycyll-1,2,3,4-tetrahydro-3-isoquinolinyl]carbonyl>L-meth^^^ 
(R>NMI2-IN-(L-Cysteinyl)-L-valyl]-1.2.3,4-tetrahyd^o-3-isoquinolinyl]carbonyl^L-gluta^ 
(R*)-N-[[2-(N-(L-Cysteinyl)-L-valylh1.2,3.4-tetrahydra-3-isoquinolinyI]cart)onyll-L-histidine. 
(R>N-[I2-[^^(L-Cystelnyl)-L-valyl^1.2.3.4-tet^ahydro-3-isoqui^olinyl]ca^^ 
(R>N-[I2-[N-(L-Seryl)-L-valyt]-1 .2.3,4- tetfBhydro-3-isoquinolinyl]carbonyi>L-meth 
(R*,R*)-2-[N-(3-Mercapto-1- xopropyl)-L-valyll-1.2.3,4-tetrahydro-N-[3-(methylthio)-1-(1H-tetra20l-5-yl) 
propy1}-3-isoquinolinecart)oxamide, 

(R*,S>N-II2-[N-(2-Amino-3-mercapt propyt)-N-methyt-L-valyl]-1 .2.3.4-tetrahydro-3-is quinoUnyi]car- 
bonyl^L-methi nine, 

(R*.R*.S*)-N-[I2-[2-[(2-Amino-3-mercaptopropyl)amin ]-3-methylbutyil-1,2.3,4-tetrahydro-3-isoquinoIi- 
nyqcarbony1)-L-methionine. 

(R*)-N-[I1-[N-(L-Cyst inyl)-L-valylh2,3-dihydro-1H-indol-2-yl]cart)onyO-L-methk)nin . 
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(S*,R>N-n2-[N-(2-Anrilno-3-mercaptopropyl)-L-valyl]-1,2.3,4-tetrahydro-3-isoquinolinyl]car^^ 
methionine, methyl ester, 

I3S-(2[R*(S*)].3R*(R*)l]-2-IN-(2-Amino-3-mercaptopropyl)-L-valyl)-1,2,3.4-tetrahydr^ 
oxo-3-furanyt)-3-isoquinolinecart>oxamide, 

(S^R>N2-(I2-[^^(2-Amino-3-me^captop^opyl)-L-valyl]-1,2,3,4-tet^ahyd^c)-3-isoquinolinyllca^bon^ 
hydroxy-L-methioninamide, 

[R-(R*,S*))-NP-{I2-[N-(2-Amino-3-mercaptopropyl)-L-valyll-1.2.3.4-tetrahydro-3-isoquinofi^ 
L-glutamine. 

[R-(R*,S*)]-2-[N-(2-Amino-3-mer(aptopropyi)-L-valyl]-1,2.3,4-tetrahydro-N-{tetrahydro-2-oxo-3-thienyl 
3- isoq ui not inecarfooxam ide, 

(S^R>N2-[[2-[N-(2-Aminc>-3-mercaptopropyi)-L-valyl^1,2,3.4-tetrahyd^o-3-isoquinolinyl]carbon^ 
asparagine, 

(S^R>N-^2-[(2-Amino-3-mercaptopropyl)-L-valyl]-1,2,3,4-tetrahyd^o-3-isoquinolinyl]ca^bonyll-^ 
leucine. 

(S^R•)-N-[(2-(N-(2-Amin(>-3-me^captop^opyl)-L-valyl]•1,2.3.4-tetrahyd^o-3-isoquinoli^yl]carbony^^ 
(aminosulphonyt)-L-a-ami no-butyric acid, 

(S*.R*)-N-[I2(N-(2-Amino-3-mercaptopropyl)-L-valy!]-1,2,3,4-tetrahydro-3-isoquinolinyl]carbonyll-L-glu- 
tamic acid, 

(S\R>N2-lI2-[N-(2-Amino-3-mercaptopropyl)-L-valyl]-1.2.3.4-tetrahydro-3-isoquinollnyl)^ 
hydroxy-L-gtutamine, 

[R-(R^S•)^N2-{I2-[N-(2-Amino-3•mercaptopropyl)-L-valy^]-1,2.3.4-tetrahydro-3-isoquinoliny^ 
L-methioninamide, 

N-[[(S)-2-[N-[(R>-2-Amino-3-mercaptopropyl]-L-valyll-1.2,3,4-tetrahydro-3-isoquinolin 
methyt-DL-methionine, 

(S\R>N-n2-[N-(2-Amino-3-mercaptoprDpylK-a'anyl>1,2,3.4-tetrahydro-3-isoqulnolinyl]carbonyl]^ 
methionine. 

(S^R>N-B2-[N-(2-Amino-3-me^captopropyl)-L-leucyll-1,2,3.4-tetrahydro-3-isoquinolinyl]carbonyl)- 
methionine, 

[RTR*{S*)Il-h4-[[2-[2-[(2-Amino-3-mercaptopropyl)amino>1-oxobutyl}-1,2.3.4-tetrahydro-3-isoquinoliny^ 
carbonyl]-L-meth ion ine, 

(S*,R*)-N-II2-[2-[(2-Amino-3-mercapto-pfDpyl)aminoH-nriethylpentyll-1,2,3,4-tetrahydro-3-isoquinoli 
cart)onyl]-L-methionlne, 

(R)-N-[I2-I1-I(2-amino-3-mercaptDpropyl)-L-prolyll-1.2,3,4-tetrahydro-3-isoq^ 

[R^S•(S•)l]-^4-[I2-^1-(2-Amino-3-n^le^captop^opyl)-2-methy^2-pyTTOIidinyl]ca^bonyi^ 

isoquinollnyl]carbonyt}-L-m6thionine. 

(S^R>N-[I2-[N-(2-Amino-3-me^captop^opyl)-3-methy(-L-va^yl]-1.2.3,4-tet^ahyd^o-3-isoquinolinyl]c^ 
bony)]-L-methionine, 

[RTR*{S*)Il-N-[(2-II{2-Amino-3-mercaptopropyl)amino)phenylacetyl]-1,2,3,4-tetrahydro-3^ 
carbonyl]-L-methiontne, , 

[RTR*(S*)Il-N-[I2-[2-[(2-Amino-3-mefcaptopropyl)amino]-2-cyclohexylacetyl}-1,2,3,4-tetrahydro-3-is 
qu ind iny1]carbonyl}-L-meth ionine, 

{S^R>N^I2-[N-(2-Amino-3-me^captop^opyl)-3-methyl-L-valyl}-1.2,3,4-tet^ahyd^x>-3-isoqulno 
bonyl}-L-methionine, methyl ester, 

(S^R>N2-[[2-[^^(2-Amino-3-me^captopropyl)-3-methyl-L-vaIyll-1.2,3.4-tetrahydro-3-isoquinolinyl]M^^ 
bonyl]-N^-methyl-L-glutamine, 

(S^R>N^[I2-[N-(2-Amina•3-mercaptopropyl)-3-methyl-L-vaiyl]-1,2,3,4-tetrahydro-3-isoquinolinyl]ca 
bonyl}-L-9lutamine, 

(S^R>N2-[I2-t^4-(2-Amino-3-mercaptopropyi>-3-methyi-L-valyl]-1,2.3,4-tetrahyd^o-3-isoqu 
bony(}-L-glutamine. methyl ester, 

[RTR*(S*)]]-N-I[2-[2-((2-Amino-3-mercaptopropyl)aminol-3-methylbutyll-1,2,3,4-tetrahydro-^ 
nyl]carbonyl]-N-methyt-L-methionine, 

(S*,R*>-N-n2-(2-[N-(2-Amino-3-mercaptopropyl)methylamin ]-3-methylbutyl]-1,2.3.4-tetrahydro-3-iso- 
quinplinyl]cart)onyl]-L-n>ethionrn , 

(S*,R*)-N-n2-[N-AcetyJ-N-(2-amino-3-mercapt propyl)-L-valyl}-1,2.3,4-tetrahydro-3-isoquinolinyi]carbo- 
nyf]-L-methionine, 

(S*,R*>-N-I[2-(M-[3-Mercapto-2-(methylamin )propyQ-L-vaIyl]- 1,2.3, 4-tetrahydro-3-isoquinolinyllcarbo- 
nyt]-L-n>ethionin . 

(S^R>N-^1,2.3.4-TetrahydfD-2^N-[3-me^capt<>-2-[(phenyimethyl)aminolpropylJ-L-valyll-3-^ 
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nyl]carbonyl}-L-nnethionine, 

(S*,R*)-h4-|I2-[h^I2-(Acetylainino)-3-merxaptopropyll-L-valyll-1.2,3.4-tetrahyd 
L-methtonine, 

[R^S•(S^]^N-tI2-^^l-[2-aminc>-^^(2-amino-2-ca^tx>xyethyl)d'rt^ 
nolinyt]cartonyl]-L-methiontne, 

{S*.R*)-N,N'-Dithk)bis(2-amirK>-3,1-propanediyl)bis4N-[I2-(L-valyl)-1,2,3,^ 
nyf]-L-methionine], 

(S*,R>N-[I2-Ih^[2-Amino-3-(methyldithlo)prDpyl}-L-valyi>1.2,3,4-tetrahy^ 
thionine, 

N-n(S)-1,2,3.4-Tetrahydro-2-[N-tI(4R)-2-methyi-4-thiazolidirTyl]^ 
methionine, 

(S•.R>^4-^1A3>Tet^ahydrc>-2-[N-(4-thiazdidinyfmethyi)-L-valyll-3-isoquin^ 

(S•.R>N-^2-[N-[2-(Acetylan^lino)-3-{acetylthlo)propyll-L-valyl^1.2,3,4-tetrahydro-3-isoqu 

nyil-L-methionine, 

N-[[(S)-1,2,3.4-Tetrahydro-2-[N-(2-hydroxy-3-nfiercaptopropyl)-L-valyil-3-isoquinolinyl]carbony^ 
thionine. 

(S*.R>N-ni.2.3.4-Tetrahydrt)-2-(N-[3-mercapto-2-[(3-phenylpropyl)amino]propyl] L-valyl]-3-isoquinoli- 
nyl]cart)onyl}-L-methionlne, 

(S%R>N^[I2-[N-(2-Amlno-3-nriercaptopropyl)-L-valyl]-1.2,3,4-tetrahydro-3-isoquinollnyl]ca^^ 
hydroxy-N-methyl-L-methioninamide. and 

(S^R•)-N^I2-[N-(2-Amino-3-^^le^captop^opyl)-L-vaiyl^1,2.3,4-tetrahyd^o-3-isoqulno^ 
methyl-L-homoserine. 

12. A compound of any preceding daim for use as an active pharmaceutical substance. 

13. Use of a compound of any one of dainns 1-11 for the manufacture of a medicament for treatment of con- 
ditions requiring inhibition of farnesyl protein transferase in a nr^maiian subject. 

14. Use of a compound of any one of daims 1-11 for the manufacture of a medicanrwnt for treatment of con- 
ditions requiring inhibition of prenyl transferases in a mammalian subject 

1 5. Use of a compound of any one of dainns 1-11 for the manufacture of a medicament for treatment of con- 
ditions requiring inhibition of tunrK)rs in a mammalian subject 

16. Useof a compound of any one of daims 1-11 for the manufacture of a medicament for treatment of dis- 
eases associated with signal transduction pathways operating through Ras in a mammalian subject. 

17. Use of a compound of any one of dainns 1-11 for the manufacture of a medicament for treatment of dis- 
eases associated with proteins that are post-translationally modified by the enzyme farnesyl protein trans- 
ferase, in a mammalian subject 

1 8. A compound of the formula 



its enantiomers and diastereomers. and phanmaceutically acceptable salts, prodrugs and solvates there- 




HY 
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of, wherein: 

Ai and A2 are each independently H or any of the natural L* or DL-amino acid side chains; 
W is CH-R4; 
X is O or RsN; 
5 Y is S or O; 

Z is H. C(0)OH. tetrazolyl. C(0)N{R7)0H or C(0)CH20H; 
Ri. R2. ^. ^ and R7 are each Independently H or alkyi; 
Ri and taken together may be (CHs)^; 

R$ is H. alkyi. phenyl, phenytalkyi, or C(0)R6, where the phenyl and phenylalkyi may be optbnally substi- 
10 tuted on the phenyl ring; 

Re is H, alkyt, phenyl or phenylalkyi. where the phenyl and phenytalkyi may be optionally substituted on 

the phenyl ring; 

m is 3 or 4; 

n is 0, 1 or 2; 
15 p is 1 or 2; and 

qisOorl. 

1d. A compound of the formula 

20 



25 



35 

or its enanttomers. diastereonwrs, phanmaceutically acceptable salts, prodrugs or solvates thereof, 
wherein: 

Ai and A2 are each independently H, alkyi. substituted alkyi, phenyl or substituted phenyl; 
Gt is S or O; 

40 G2 is H, -C(0)OH. -C{0)NH2. 5-tetrazolyl. .C{0)N(R7)0H or -CHjOH; 

X is O or ReN; 

Y and Z are each independently -CHr or -C(0)-; 
Ri. R2. Ra. R4. Re. Re and R7 are each independently H or alkyi; 
Ri and At taken together m^y be -{CH^m^ 
4S R« is H. alkyt. phenyl, phenylalkyf , substituted phenyl, (substituted pheny1)alkyl or -C(0)R9; 

Rg is H. alkyi. phenyl, phenylalkyi, substituted phenyl or (substituted phenyl)alkyt; 
m is 3 or 4; 
n is 0. 1 or 2; 
p is 0. 1 or 2; and 

50 q is 0 or 1 , with the proviso that when p is 0. q is also 0. 
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